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REPORT 


OP TOB 

SECRETARY OF THE SMITHSONIAN INSTITUTION 

CHAltLES B. WAXCOTT 
Foi^ THE y sAS EnmntG mL 


T0 Bo^rd 0 / RegmU c/ the S^^s^'th/^onmn. Institution: 

Gza^'TLEMRv ’ 1 have the honor to submit herewith u report on the 
opemtlons of the Smithsonian Institution and its branches during 
the E^al jear ending June 30, 1913, including work placed by Con¬ 
gress under the du-ectiuu of the Board of Regents in tlie United 
States National Museum, the Bureau of -^Vlneriean Ethnology, the 
International Exchanges, the National Zoological Park, the Astro- 
physical Ob^rvatory^ and the United States Bureau of the Inter- 
natiomil Catalogue of Scientific Literature, There k nlso included 
an on time of work proposed in the Langley Aerodynanucal Labora* 
tory, the establishment of which has been authorized by the Board 
of Regents under a grant from the Hodgkins fund of the Institution^ 

The general report reviews the affairs of the Institution proper 
and bdelly summarizes the gperatlona of its several branches, while 
the appendices contain detailed reports by the asststant secretaries 
and others directly In charge of various activities. The reporta on 
operations of the National Museum nnd the Bureau of American 
Ethnology will ako be published as independent volumes^ 

THE SMITHSONIAN INSTITUTION. 

TSE ESTABLI3UME?rr. 

The Smithsonian Institution was created an establishment by act 
of Congress approved August 10, 1M0. Its statutory members are 
I the Presideut of the United States, the Tice President, the Chief 
Llustice, and the beads of the executive departmeuts, 

I THE BOAHD OF REGENTS. 

B The Board of Regents consists of the Vice President and the 
■Iiief Justice of the United States as ex ofiicio members, three 
■embers of the Senate, three ilembere of the House of Repreoenta- 
■res, and six citizens, “two of whom shall be resident in the city 
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of Wnshiiiigtoti, anti the (tlher four slniU be inhabitaiits of some 
Stale, but no tivo of them of the jianie State/' 

In regard to the pei^mnel of the board it lieoomes my sad duty 
to record the death on October 1912, of its Chauccilor, Jaiuea 
fkhoolcraft Shemian, Vico President of the United States. Rcsolii* 
lions in memory of Chancellor Sherman ft ere adopted by the Regents 
at their annual meeting on DecemW 12, wrlien the ITon, Edfturd D. 

White, Chief Justice of the United States, iras elected Chancellor 
i*f the iBKLituliacL 

Dr. Andrew^ 1>. flliito was reappointed ai. Kegenl to ser Je vintil 
.lune 26. U>l8i the Hon. Charles W. FatrbankB to serve Until July 3, 
iftlR; and Judge Gray to serve until Feliroary 7, 1910. Senator 
IJacon ft-as reappointed a Regent, and Stmator William J. Stone was 
appomlcd lo succeed thr Hon. SheHiy M. Cnllom, whose lerm as 
Ic 1 psiilred in March, 1913. The Hon. ThomasR 

iSrl ill? States. Ixcainc a Regpnl on 

Ldftaml D. UTiite, Chief Jiisstice of the United Stnles, Chancellor- 
rhonias R. Ma^hnU, Vice President of U,e United States; Henry 

“J Augustus O. Bacon, Member 

of the Senate; illiam J. Stone, Member of Ihc Senate; John Bal* 

r ' Hepresentativee; Scott Perris, JIciii- 

kr ^ the Hou^ of Representatives- Irvin S. Pepper, Slenibcr of 
the Hon^ of ReprcsenlaUvefi; ^Vndrew D. BJiite, citken of New 
lork; AlcjEander Gralmni Bell, citizen of AWshington D C - 
George Gray, cUi»n of tinware; Clmrles F. Choate, jr., dlizai of 
Mav^diuwtts; John B. Henderson, jr., citizen of Wusbington, D. C.; 
rtnJ Cliiirli?H \\, Iflirbank'y, cilisi^jn of Tndiftna ^ 

Re^W m^ti,^ of the Board of Regents were betd on DeccinlK^r 

inis' nnd a Bpwial meeting May l, 

im The mmnt^ of Huso meetings have lieen printetl as usual 
for the mse of the Regents, while such important mattem acted tiimn 
im are of pablic inlert‘st are reviewc*! nndcr appropriate heads in Hio 
present repeat of the s«-,^tary. The annual Lidal re^rToJ Z 
Rsecjiiive Coiumilteejiaa also Iieen issued in the usual form, and a 
cldnilcd stoteinenl of disbursements from Govcnmient appropria- 
lous under lie direction of the Institniion for the mainte^fam!^ of 
he Natiomd ^tlu^rum, the Nutional Zoological Park and 

irtSi';;:: Lr" 

general CXINSIDERA'TIONS. 

The activities of the Smithsonian Institution iiuder its ni-. r 
oj^i/ation cover practically the etifine field of the nafoS 
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The Institulioii wiis fiiiintlccl for the iiicreiise and dif- 
ri4siott of ktiowlcilgc. It h UB Iniititutioii of recordj rcsuanUj tmtl 
etliieutioD, and of c^xipenition. It offers fuellities for tbe sid- 
vniiexMueuit of huinsm knowledge through tiriginiil research nnd in¬ 
vestigation in every field and educates the people through the pub¬ 
lication of the results of such re^^arches. There is reeii>rocal 
cooperation between the Smithsonian Institution and the several 
(lepartnients of the Utiiled Statc:^ Govemnient and Icnmed societies 
in thii^ country mul abroad in carrying fonvard Linportaut explum- 
tiom am! lines of investigation. 

Some of the scientific feiudics origiiiutUig with the Smithsonian 
Institution in this country liave since developed into distinct an<l 
im|mrtant li urea us and dcpartinefits of the Govemnient- Tliy influ¬ 
ence of the IriKiitutioii is world^wide^ through its intemaiional ex¬ 
change service alone it is in correspondence with more tlmn 00,000 
individiiab and leained societies in the Dnitcfl States and prac- 
Lieally in every land on ttic globe. During its entire cxhitence thcie 
has Lkwii an unbroken record of friendly intercourse with every 
agency devoted to tbe encouragement of learning* As was said in 
ISOO^ by tbe late Dr* Daniel Coil Gibnan^ “■Without any pntrnnagej 
without the power to bestow niucb jH?cutiiary ussi^ancc^ * • • 

the Smithsiifuan has boen^ and is^ the great auxiliary of weienco and 
iHlueation througUout the length and breadth of tbe land.^^ 

Tbe extent of the activities of the Institution h limiteil only by 
the amount of the funds available* During recent yeai^ its private 
income has been supplemented on aovcTal occasions by friends of the 
Institution who hiive generatL'^ly provided tbe mesas for eanying 
on certain expiorBtions and lines of re^jearch, but opporttmUies for 
further iiuportanL work constantly arise which must be declined or 
tciiiporarily held in abeyance. Soma of (hn projects proposed oi'e 
KUch PS could not properly be carried on thro ugh Govertmient appro- 
|)riatJon^ but which the Smithsonian Institution could readily under¬ 
take were the means ovaLlablo- 

Re^t'tirvh —The work of tbe Researvli Corporation^ 

organized primarily for handling the Cottrell patents offered to the 
Institution for the benefit of research^ been progresistng Meadily 
during the year. As explainer! in detail in iny last rejMjrtj Uiis cor- 
poration was organized Kebruary fi, 1012+ under Hie laiva of tho 
Stato of Now: York tts a means of furthering scientific and technical 
resoareh. It objects as stated in its prospectus are: 

Firsts te acQutm La veptlops and |jataatB aad to nmlic Lbcm mere a ratable M 
ltL.0 arts j31hI liultMirk^ while uhIiik m a souico of Ineciuji^ ium}, et^TOUi!, 

k all prtiUts arrived from Bwrh la Uic ndvancvpicat of technical niiil 

l|ietLtiac Ertvoidlf^nrlcvn ami cxparlBieaiallon thmaph of the ^niEth' 

Bptua iJiAtJtaLloa ancl aiich other wleattflr aiKl edamtlcmal liiiitlltitlopa and 
etica na nijjy bo bolectisl hjr the lUrectorc For ihesw purposes tho eorpem- 
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of nfihiii^oii, [ 111(1 the other four i-hiil] t>o Inhubitntits of some 
Sitale, but no two of ihem of tlie mjjjc State.” 

Ill regard to the personnel of the hoard it becomeg mT sad duty 
to record the death &n October 30, 1012, of iU Chancellor, dames 
Schoederuft Sherman, Vice President of the United States. Resolu* 
lions in memory of Chancellor Sherman were adopted hy the Regents 
at their annual meeting on De<>etober 12, when the lion- Edward D. 
I't hite, Chief Jiistiec of the United States, was elected Chancellor 
of the fmititiitifln. 

Dr, Andrew D. MTiite was reappointed as Regent to serjii mitjl 
June 1918; the lion. Charles W. Fairbanks to serve nntil Jiily 3, 
1018; and Judge Gray to serve until Fehrtiary 7, mo. Senator 
Baron was reapp<»inted a Regent, and Stmator fthUiatn J. .Stone was 
appointed to succeed the Hon. Shelby M. Cullom, whose term as 
United States Senator expired in *M[ireH, 1913. The rioii Thomas R 
Marshall, Vice r«sidenl of the United States, became a R^-gent on 
March -1 1913, ® 


Tile lit the dose of the fiscal year was as follows: 

Ti, Justice of the Unilwi States, Chancellor; 

Ihonum R. AlarahaU, \ice President of the United Steles: Ileurr 
Cateit tealge. Member of the Senate; Augustus O. Bacon, Memljcr 
^Vilbam J. Stone, Member of the Senate; John DaU 
iell, Member of the Ifoose of Representatives; Scott Ferris, ifem- 
»r of the House of Representatives; Irvin S. Pepper, Member of 
^e Hon* of Representatives; Andrew D. MTiite, citizen of Sew 
^ork; ^esnndcr Graham Bdl, citizen of Washington. D C- 
George Gray, citizen of Ddawnre; Charles F. Choate, ir., citizen (if 
Ma^achusetts: Jijhn B. Henderson, jr., citizen of Washington, D. G.- 
iiiiJ Chsirles \\. Iairi>fljiks, cUl^n of Indiana ^ 

Repdar m^-tings of the Board of Rcgeote were held on December 

“ special meeting on May i 
lfll3. The minutes of theso meetings have licen printed as usual 
for the iisc of the Regents, while such importaiil matters acted upon 
as uri* .if public mtertsi are revieweil under appropriate heads in fl« 
present rep«.rt of the s(H.retary. The annual financial report of the 

^ **>0 usual fwm and a 

.ietiiilcd jflatement of disbtinsements from Government apntoDria 

IITk?* Institution for the maintlmrnfe Tf 

the hationul Museum, the Xatiimal SSootogical Park and 


«ENl!RAIj CONSItJEIlATIONS. 


The aclivjtics of the Smithsonian Institution tmder its otn» i 
or^mzation cover practically the entire field of thl naUiS 1 
physical science., as well as anthropological aod archedSi te! 
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senrcbes* The Institution was founded for the Increase and dif¬ 
fusion of knowledgie. It is ao IiiHtUiition of rCHLonl^ reficareli^ ami 
uiliicuiiouT and a!so of cooperetioin It offers fucilitie^ for the ml- 
vjineeiHOiit of huniim knowledge ihrough original and 

v^esligiition in every field and educates the people thmugli the pub- 
Mcaiion of the results of such researches. Tliere is reciprticol 
cooperation l?etween the Smithsonian Institution and the several 
departments of the UnUet] States Governmcni mul learned societies 
in this country and abroad in cariying forward important explora¬ 
tions and lines of Investigation. 

Some of the scientific fetndm originattiig with the Smithsonian 
InsliLution in this country have since developed into distinct mid 
ill] port a lit bureaus and departuients of the Government. The inflii- 
ciK^ of the IiLstitiitioii is world-wide; through its international ex¬ 
change service alone it is in correspondence with more than CO^tXX) 
itidivldiials and learned societies in the nnited States and prac¬ 
tically in every land on the globe- During its etiUre c^iisteiico tliere 
has Ifccji an unbroken record of friendly intercout^ie with every 
agency devoted to the eticouragement of learning. As was said in 
180G, by the late Dr. Daniel Colt Giliiiaii, ^W'ithoiit any patninagOj 
witIu>iU the power to bestow much pecuniary osaisianceT * • • 

tlie Siuithsionimi Inis been, and is, the great aiixiliar}^ of sclenoe and 
education iliroughout the length and breadth of the land.” 

The extent of the activities of the Institutiou is limited only by 
the amount of the funds availablCi During recent years its private 
ineome has bi^en supplemouted on several cMXasions by friends of the 
Institution who have gene 4 :ously provided the meaUH for cariyifig 
on e^^rtain explorations and lines of research, bat opix>rtuiiUje« for 
further important work constantly arbe which must be declined or 
temporarily hidd in abeyance. Some of the projsH^s proposed arc 
such as could not properly be carried on through Government appro- 
print iou, hut which the Sinitlisonian institution could readily under¬ 
take w'cre the meiiiis available, 

ResCi^rch Corp^mtion .—The work of the Researt^h Corporation, 
organized primarily for handling the CotlreU patents offeml to the 
institution for the benefit of reseurch, has l>een progressing steadily 
during the year. esplainetl iti detail in my hLst report, tliis cor- 
poration was organized February 8, under the laws of tlie 

Stato of Xew York m a meaas of fiirthering scientific and technical 
ttrocarcln It objechs as stated in its proapectna are: 

I FSrat, to ncinil te laveiitlotut and pa teats nnO to lualie lainn more avEtllablo in 
hi' arts and Koduarrtes^ w'Wlc ludiaiff tbem as a source of Income^ aocl, socondi 
h an proflltt djerlri**) ftam such aiw to Hie advaiia'lnent of tedinScDl and 

invent IpntJoD um\ rapeHmanimton throui^a the aaenc^^ at th^ ftailih- 
la lOi^tlttitioD sod meb otiKrr seJentIfle a ml oducatloiuil loalkutlaas muO 
'ties 09 mny tie #tdect*?d by the directors. For lliese jiiirrNiwfii the corpora- 
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of asbington. iin<l (.be other four sUull Iw inhubitanti; uf 
Stiite, but no two of them of tlie same State.” 

Tn regard to the personnel of the board it itecomes tnv sad duty 
to record tbe death on October 30, 1912. of Its Chanceilor, James 
Reboolcraft Sbcrimm, Vice President of the United States. Rcsoiit- 
tions in meniory of Ciiancellor Sherman were adoptoii by the Hegenls 
at tlieir annual meeting on December [‘2, when tbe Hon. Edward D. 

lyiiite. Chief Justice of tbe Unitctl States;, was elected Chancellor 
of tile Insthijtion, 

Dr. Andrew T>. White was reappointeil as Itegent to serJ^ until 
Juno 2fi, 1918; tbe Hon. Cliarlea W, Fairbanks to serve until .Tuly 3, 
IfllS; and Judge Gray to wn-e until February T, lOiO. Senator 
Bacon wiw reappointed a Regent, and Senator William J. Stone wag 
succeed llio Hon. Shelby M. Cullom, whose term aa 
\ r f States Senator expired in March, 19 Ui. Ttic Hon. Thomas U 

aWh t ’mi nn 

pie roll of RegejiLs at the dose of tbe fiscal vear was as follows* 

Thomas R. Marelioll. \ ice Preaident of the United Statca; Hetirv 
Calmt Uslge, ^'prnl^r of the Senute; Augustus O. Bacon, ifembeV 

Member of tbe Semite; John Dal- 
H'U, Member of tho Hqubc of Representatives; Scott Fcm‘i Mem- 
kr 0 tha Hoiia of Representatives; Inin S. Pepper, Member of 
^e Houso of Representatives; Andrew D. WTiite, citizen of Xcw 
^ork; .pesander GnUiani Bell, citiien of M'asliingtom D. C* 
George Gray, cilmon of Delaivore; Charles F. Choate, jr., citiisen cif 
Massachu^tfs ; Jpin B. Ilendenson, jr., citizen of Mksliington, D. C.' 
and Cbjirlf??! T\, Fairbanks^ dtiKcn of Indiana ^ 

Repdar meetings of the Board of Regents were held oo December 

1013 if' meeting on May 1 

fnrfb ^ Ti*?" « these meeilngs have been printet) m iiLid 

for the US? of the Regents, while sm-Ii important mntiers acted upon 
as are of public mterest are revieweil under appropriate beads in^ie 
preset repwrt of ilm secretonr. The annual financial report of the 

^ »swul form and a 

lions ^ f ''f,'iS^l’MrscmenU from Govemment approprla- 

tJENEIiAL CONST DEIl AT [OKS. 

o^nuiation cover practicaUy iba entire field of It f f ^ ^ 

rhitsw „ „,u hr.po;o"iS“J "“I 
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Tliu: lu&iiiutioii was fouxidi^d for tlio inrreaso and dif¬ 
fusion of knowledge. It is an Institution of reconlj rescan^Uj ainl 
education, and of coojTeration* It offers facilities for the aJ- 
vanceinent of [lunmtt knowledge through originnl research and Ln- 
vcstigiitioii in every field and educates tho people through the puh- 
Ijcatlon of tJie results of $iicb researcheSp There is reciprocal 
cDoperiUlou betweeii tlio Smithsonian Institution and the scvenil 
departments of the United States Government and learned societies 
in this eonntry and abroad in carrying fom'aixl important csplora- 
tJOiis and Yinm of investtgaLion, 

Some of the seientidc studies originating with the Stiiithsunlari 
Institution in this country have since deveio|>ed into distinct ami 
iniiH^rtant bureaus anti ilepartinents of the Government. The iuQu- 
viiec of the Institution is world-wide; through its intemational ex¬ 
change eervicc uhme it is in correspondence with more Ilian COjOOO 
individuals and Icartied societies in the United States and prac- 
iTcally hi every land on tlie ghdio. During its entire existence there 
has Ijccu an unbroken record of frieucUy intercourse with every 
agenc}' devoted to the encourageiiient of learniug. As said in 
laOti, by the late Dr- Daniel Coit Gilmanj ^Without any patronage, 
without the power to bestow much pecuniary assistance^ • * * 

the SmilhsonJaii has Ivcen, and it. the great auxiliary of science and 
eilucatioji throiigliiiut the length and breadth of the lund.^' 

Tho extent of the activities of the InstituLion is limited only by 
the amouni; of the funds avadahle. During recent years its private 
income haa been supplenientcd on several occasions by frieniis of the 
Institution who have generously provided tho means for carrying 
on certain explorations and lines of research, but opportunilies for 
fur tiler Import ant work constantly arise which must he declined or 
teinporurily held in abeyance. Somo of the projects proposed are 
such as could not projHJrly bo carried an through Government appro¬ 
priation, but which the J>m]thsqi3ian Institution could readily under¬ 
take were the means available. 

Research Ciyrp&ruthn ^—The work <vf the Eesearch Corporation, 
organbtMl primarily for handling the Cottrell patents offercil io the 
ItLStitutioii for the benefit of research, has been progi'e^^ing tteadily 
during the year. As e.vphuned in detail in my last rejKirt, this cor¬ 
poration orgiiriiKeil February S, 1012, under iJie law's of the 
LStatn of Xew^ York us a mcatia of furtherjng scicntiBc and technical 
t^arclL It objects as stated in its prospectus arer 

B FLnst to nequfre iDVcntlooH aud {latenLti aiat in tunke tlicm moro nira! labia fit 
Be arts nad todi^rdeBy wUle u^in^ lLlchi m a of IncocueH utkl, AectmUp 

^ nil proats derlveU fnim aueh use tu tbo udvaareaieut of lcchti|f:;Ql ami 

ttflr Invest Ijaitliiti hiiiI ozpedmeaiJittuti tbTi>aaU tbo of tbe 

iD InsUtatlDD tind mQh otlier KieatJlIe amj odacatJoiijil JEkaLliutluns nmt 
id^ ns nmjr be selected bj' tbe airwlora. For tbt*H« parpoHcs the corpora- 
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t^cm ha 15 b«Ji capita!I elM nt |20,(M)0. dh tilei^ into 200 shur&i, tint tlio ellnrt<^P 
pruvldcB liiRl 130 lUvUcudB bIuiH be pci Id and tUu t tUe lintlre net profltii slmU 
bo devoted To re??Eaircli* till tbe slovik betn^ held Timkr ;i ^tiMblaolderu' nt^rco' 
ujcntr whlrli reeitv* tluit tbe eorporntlDii haB been organlfied for the purpose of 
nlllnj; aud lincrturtigEug LeohuKctil aud eclentlde re^te4irrii, nnd not for peraonnl 
or indIvTdunI pPSHt 

At thr pr^dBt tliuo ninDj dlBcorertes are coiiHtEtEitlj boiti^ mstde, whlcb xtn- 
duubtedl^v u in'Cfiler or loss potcntinl valuer but which are lUeriill^ bclnif 

aOowL'd to |ju ta waste for lack o£ ttLorougli dcveloiuueut. This Is dite, la s^nio 
onfi^p to fbo fact thfit the inventors oro men In the service of tlie tiovonnuent 
or in Hie laalvDrBltics or technical BChoolrtp who are retarded elilier by iifUciul 
poriUlona Inck of meann, or reluctnuce to engrip! In commerufat cEiierprlNcs, 
and In otiior msGs to the fact Ltuit « dlocovcry nuido incTdeditaily Id tbc labom- 
toty of n manufucturing; eorporcitloii does no! tend Itself to the [MirdcuLur tmr- 
pose of mt:h corporatloiL True cDnserrutlein demands tbiit Bncb by-products 
as tbese bo developed niKi utLLixed to the f[illest extent of wlileb they are 
rapolib'^ The Research COrttoratlon aims to sundy this dGinibnd anib thmu^li 
the cooperstioD of the iSmlibsoninn InstUntlon nnd the tinlvcrsltlcsp to enrty 
forward the work of InvesElunilon ulmiidy bt-EUti by oibers uikiji iJncn which 
promise ImportAUt resnlta nrut to pcrfoct sui;“h iiii-entlciii.H as mny jirovi? to 
posses^ coxBteerclid value, thus hringtog ^ientlQc ih-SEltiiElous into closer relit- 
rtona w'Ecii Industrial activities and furlhering ihu tiuproveEUcnts of iiulii^EfLEd 
prooi?»es* 

The cHtublblmient of tliu Research Corporation was rcjidoriKl im- 
uictliiitdy [Kjssiblc by tbo acquisition, tlirougb tho gilt of Dr. T. G, 
Cottrell, of tbc United States Bureau of Mines, and lus ussoeiutes, of 
a valuable set of patents reltiting to tbe preclpitatiou of dust, smoke, 
and cbcmica] fnmtifi by the use of electrical currents. Thc^ devices 
an? in operation iu several States, and are fully described in an ar- 
lick* in Didustrial and Engineering Chemistry, for August, Iflll. 

A number of other patents in various fields of indusDy have been 
offered by officers of tiro Government and scieutilic institutions, tis 
well ns by manufacturing eorporations holduig patents not available 
for their own purposes, and undoubtedly there are many others, both 
in this countiy and abroad, who a ill be glad to have tiieir inventions 
iililiraid for the benefit of scientific research. The Smittisonian Insti¬ 
tution is interested in the management of this corporation through 
the membership of the secretary in its board of directors, which is 
cotnp^ed of business and professional men, many of whom have had 
experience in large industrial and mining enterprises. 

T!te George ir. Ptxtre leguesL—By the terms of the will of the 
late George "VV. Poore, of Lowell, Mass., who died December IT, 1910 
the Smithsonian Institution becomes his redduary legatee. As menl 
tioned in my 1910 report, the estate, estimated at about $40,000, U 
bequeathed tinder the condition tbot tho income of this sum ^o*uld 
be added to the prindpal until a total of $250,000 should have been 
lenehed, and that then tho income only should be used for the pur¬ 
poses for which the Institution was created. The estate is still in 
process of settlement by the executors. 
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As Q reason for making this bequest to iheSmithsonintillistitiition, 
Mr. Poore in his \rill says: “ I make this gpft not so much bifcauBC of 
its amount as because I hope it will prove an example for other 
Americans to follow, by supporting and encouraging so wise and 
l>eneScent an institution aa I believe the Sirtithsonian Institution to be, 
and yet it bfts been neglected and overlooked by American citizens.” 

TAe Kahn Fou)uiathn,—Tlw Smithsonian Institution is closely 
allied with a number of organizations ond movements of importance 
to the public through the memliersldp of the secrctaiy in vorious 
boards of tnisteeft Some of these are mentioned elsewhere m this 
report and among otliers are tlie Carnegie Institution of asliington, 
w'ith whose administration the secretary has been connected since 
its establishment, and “ The Kahn Foundation for tlie Foreign Travel 
of Aineriean Teachers.” Tlie last-named organization was founded 
in 1911 through a deed of gift and trust between Albert Kahn, of 
Paris. France, of the first part, and Edward D. Adams, Nicholas 
Murray Butler, Henry Fairfield Oslxim, of Xew York; Charles W. 
Eliot, of Cambridge; and Charles D, Walcott, of Washington, of the 
second part. Tlic founder had heretofore established certain trust 
funds in France, Genu any, Japan, England, and other countries for 
the purpose of defraying the expenses of teadiers and supplying them 
with what he termed “ bourses de voyage ” so as to enable them to 
travel, observe, and study in foreign countries. He believes "* tliat 
the cause of civilization may be greatly encouraged and promoted by 
travel on tho part of teachers, scholars, and investigators, and that, 
by the study and comparison oif national mannera anti customs, tiud of 
political, social, religious, and economic institutions of foreign coun¬ 
tries, they will liecome better qualified to teach and to take part in 
the instnicllon and ediicotion of the people of their own nation, ’ In 
the releclion of licneficiaries of the Kahn Foundation preference is 
given to professors of American colleges or universities and, os a 
rule, tile itinerary is expected to involve an absence from America of 
at least a year, Tlie limileil size of the fund does not permit the 
granting of more tlmn two or three fellowships each year. 

FINANCES. 

The permanent fund of the Institution and the sources from which 
it was derived ore ns follows; 

VcpoiUea In lAe rrrrt<rwr»r of the Unttri iStateo. 


IkH]ticet nf Smlibsou, IStO — ---...... . 

Rcsltliuity Ii^ey of SiultlMien. 1S67--.-—-*•- 26,210. <jS 

Depnicit frnm Mitlnjai of Iticonie. 1S6T-- ———t08.6SiO. 37 

Hdiiirei of Jiunre Hniallton. UJ7S..,..-- 31,000 

AccinDuInted Interest on Hatnlltoa faml, 1S03—.—1, COO 

- 2 , 000,00 










0 


AA’NUiL Jim^RT SMITIISOSIAK TSSTITUHOlUL'L 


lti?qut=^t of lliibc], __ 

Dvpo^tg from proctixls of sale of bonits, ISSJ___ 

Gift at TlmmuB G, IliM]gk£nj4, i^j____ 

Part of DDflkItiiirj k-ency tsf Tbouin^i G, Hoa^link Xf^^- 

nppofHlE from saivlE^ of lacooio, lOCEl____ 

RralflciJilT legacy of Tkouina O, Hodgkiiui, liww _ 

l>f;|KHUL from Hiving^ of Incjome^ 1013^____„ 

PeiltiPSt of WllUoiai iuiio» Jllicos?^ 1913, 


of pTocumU from iwilo of ma cslato (gift of ilolitn Stiiiitou 
Areiy}, IklS __________ 


^Tm, 04} 
Gl-fiOO. OO 
004). 1)0 
8, (mo. m 
ztk oo«, m 
7, 919. cm 
o;i^j. 04 
251.03 

0. OSffl. 43 


Total of fiiod la lOc ITaiu-a Spates Treosiiry--,,. OSiri^.riUO, m 

oTHOi acnooftcEa, 

Hcglsii^riHl and gaarnDt*^ boisds of the- West Khon? Hnlln>nLl Ca» 
fMirt of Ipfraicy of ^fljotuas G. itoUgkInj ( jhij* vali 3 e>___^_ __ 4 % ooo^ on 

Tolnl iNetiiMLaonl fund _______. _ 3nti im 

There were onginuny four iJieceet nf rc-ftl estntp hequeolhef} to llie 
T^titutioii by (hit Inte R. S. Avery, but during tlie yeur one of theao 
t>ipccu and a jmrt of imolher were sold nnil the proeoedit tuhled to (lie 
peminnenL fund. Tlie real estate owned by (lie Institiiltou 13 freo 
from taxation and yield-s a iimiiiial rental. 

^ That part of the fund det»sited in the Trcasiiiy of (lie United 
States bcnris interefit nt fi per cent jwr Bntium, under (be pntvisionsj of 
the act orgtiniitmg the Iiustittitioti atnl nn m t of Congress approved 
March 12 , iStW. The rate of interest on the M*cst Shore Railroad 
bonds is 4 per cent per annum. 

Tlio Inrome of Ibt Institution ditiHug the year, umounting to 
¥J)2,870.7t, was derivctl us follows: Interest on (ha permanent foun^ 
datiOD, $S8,a7S,12; contributions from vfirions sources for sy^iGc 

piirpu<ie3,|(ill^,5jf).l]0; and from other miflcellancou9soorce5f,§J7 n 20 ,l 2 " 

all of whicb was ileinisited in the Trensury qf (be United States to 
the creflit of the eurrenf account of tlie Tnsditution. 

With the balance of $;i3,0fi0.00 on duly 1 , 1012 , the total resources 
for the fiscal year amounted to $12.^,930.33. The disfjurseraents 
which are given in detail in the annual reixirt of the executive com¬ 
mittee, amounted to $93,289.43, lear-ing a balance of $33,041 40 on 
deposit .Tune 30,1913, in the United States Treasury, 

•nm Institution was charged by Congress with the disbuisement 
of the following appropriations for tlie year ending June 30, 1913: 

tatem-iationjil f^chaiig«« ___ 

AniLTtcam _ 

Afitmjshj’Hfcal OhAenatory__ 

^"atlonnl MiiAptim ; 

Furtilture amd ___ 

llcatiDg acid llgtitlag 


$32,000 
42, ooa 
13,000 


P^ica^rraticn of ___ 

fkKitrt ______ 

Poiita go _______ 

Btilkllcg r^iuilci ____ 


ROpWK) 
Sf}, OOO 
34)4), 000 
2 ; 000 

Tim 

10,004) 
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NuLlimAl __ ^iU 4 ). iX)ii 

Hi-lil|p>> tPvMir CTf^k, Nnt 1 oi>iil KoDloffk^al I'tirk___ 30 , OJil 

loti-tlMittiilml Cutiil^neiw of ScIf^uOflo LllPraLun*___. T. liOO 

_____ _. _. ______ __ tar, IXiO 


tn ndcUtiun to the above s]^]eoiCic jiuiouiitH to be Jisburj^ed by tbo 
f nititution, tbene wus ioduded uoder (be general approjurbLion for 
public pri riling anti binding im nl lot merit of $74^900 lo cover the cost 
printing an<l binding the nnniiul rojjort and other Government 
imbliculioriE; li^uvd by the ImstitutioHi anil to Iw difibiirfied by the 
PLiblie Printer, 

IlESKATlCIlEiS AXn IlXPLOrLVTlONS, 

The Siiiitlisonian Ireitilntion Jins eontirmed to carry on field work 
III vnrioiis lines throughout the world by nieniw of small nllotmenti^ 
from its funds. It has also accntnplbheil a great deal in the way of 
explor^jition and reseanli tlimugli tlie generosity (>f frienns of the 
Iti^tilulion, wJio linve coiiLrihtiterl funds for special work or provideil 
opportunities for [lartkipaLion in expl oral ions which they luitl under¬ 
taken [>ersoniilly or through the aid of otliens. Each however* 
the Institution is obliged to forego opportunities for important in- 
veBtigationij ihrough lack of snIHcient ^inds* 

1 ran here only briefly mention some of the explorations and re¬ 
searches in progre^ during tlie j)ast yean Accounts of aciivities 
connected with the Astrophysical Obs^^rvatoryj Lhe Bure^iu of ^Inicri- 
can Ethnology, and the United States National jMtk^um are given in 
other parts of ihbs report by those in direct clmrgo of tlnise branches 
of the Institution. 

l^tSOLfcV AKiC^ ^Dr^ AlIlCAl, 

At a minting of the lloiml of Hegeiits an May lOlSj the follow¬ 
ing resolutions were adopted: 

W"lj&nhi» ihv In^niUlan iku«s<.4«»h n Lubflmtory far the Rtiitlj of 

qiic^EliJioi nUuilat; to aercKl^uamicif, wliEcIi Itua tieea eloaeU aliaze the cleaLti of 
Its iliOTlor, the late Dr. S, F, Ijini^ley, formcTly Seeretnry of ihe Kini ihRu iiiim 
ToMtllntEaD; niid 

Where<kB It Jb UaBlnihle to foiUnr aai! continuOp in Uio Invitation wtUi whtrh 
lie wnK cuaaoetivlH Hie neriHh'iiiimteitJ reBearcbcn which he liiiiuf:omted; 

That tlio IlosinL of of the ^ailUiBonlan InatUatloti 

nuthorlfee^ line Becn-tairr of die iDstEtutloa, with tlie advice aail nnpmvEil of tlie 
exeeullrc coroaiittce^ to ttwiKU the f^mlltiBOulafi liiBtltation labomEory for tho 
Bttiij^=' ut fiPinodjUHtelCB and toko flneh oteps ua In his jud^moat m&j tn? iiecissarv 
to iPruvEiJe for Uio orgnfilisitlon and udnilnlatriitloo of the hibc»ratory on n |ier- 
maneiiE 

TEiai thE' aerodynaialc labomtory of tho lajititntEon fllnsll be known aa dm 
ijiajfTey AerodjnnnUral Ijihofnlaiy, 

Thai tho fonetloEiH of the Ijibojmlorjr AhaII be the Mtudj of Ebe piviblotna of 
AerodrouilvB, imtUctilnrly those of aortwli'iimu.lc*, with auch rK-searth aad ci- 
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pcrltneAtJitlon as may be necessary to locnn^ the safety anil effeettveness gf 
ogrlnl locomotlgo for tie purpoees of comuci'Ce, natlDatil aefesse, sdi) the wel* 

Jnfe of mnii. 

That tbe sechetaiy u atttborlEed to Bccoic, as tor as pnietictible, tbs co* 
operation of sovenuneutal anil otber aetsicles In Ute tlaTOlorimcat of aenultnto- 
Icfll rejiaoteb nndcr the illret.'tion of ibe SmltbsonJua Itistltutlen. 

Tlig Its^ntb {tl^ authofizcd the sccrctni^ to appoiQt an ndvisoi^r 
committee{ to add, as moana are provided, other laboratories and 
agencies; to group them into a bureau organization; and to secure the 
cooperation with them of the Government and other agencies. 

In accordance with the above general plan an advisory committee 
was organized at a meeting convened at the Institution on lilay 23. 
1D13. The official status, organbjution, agencies, resources, and 
facditics of this committee arc set forth in a statement reprinted in 
the appendix to the present rejjort. 

In preparing plans for carrying forward iovestigations in various 
lines a study is being made of researches in progress in other conn- 
tries, and nn allotment hue been made from tiic Hodgkins fund for 
the maintenance, in part, of the laboratory. 


btuiues in ca:i[i«iian oeouogt ano rALEONTOLoor. 

During the field ecaaon of lJ,e fiscal year 1012^13, or the spring and 
^mmer of 1913, T continued my geological work in the Canadian 
Kockics. A month was spent in the Robson Park district of British 
Columbia, and Jasper Pork, Alberta, our camp being on the conti- 
nental divide near Berg Lake, northwest of tlie Yellowhcad Pass 
riirough which the Grand Trunk Pacific and Canadian Xorthen, 
built. 

Consider^able coUections of foasila were made at several localities 
phot^phs were token, and several places in the geological sectioti 
studied in 1912 were examined. This was rendered necessary by 
reai.^n of my having been driven out of the region by continued raiJ 
^T\d imow stomis tite prerioiis vciir, 

^ Burgnsi Pass, north of Field 

Ll itt^^ ‘ho Middle Cambrian fossil ijuany- 

umil late in the season. Both m lire Robson district and also at bS 

^ ^isiiffted by my two sons. Sidney end Stuart, who 
have had m^y years" experience in field work in the Rodn- Moun 

^nt nearly the entire field ,<^sot, collecting at Burgess S 
..p«)al effort was made to finish coUecting at this famous localitv 
and at tJie cl^ of the field season a collection of several thonsaiid 
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OEOUKilCAE ffUHVEV Qt FA^fAMA. 

A plan has been formulated and some progrras has been made in 
certain linpa of field work for n g^logical #?urvey of Panama^ under 
the joint au^piee^ of the Istlimian Caoal CommyisioDi the TTniled 
Slates Geological Sun^ey* and I he Sruitli^onian In-stitutionf and an 
allotment has been ujade from the iDstilution's funds toward the ex^ 
peitsi^s of such investigation. The general plaii of the survey com¬ 
prises a =5'stematic study of the physiogrophy, stratigi'Fiphy and 
stnictunil geology* geologic hjstoryj geologic correlation, mineral 
fiouires (incltidit^ coal, oil, and other fields), petrography and pale¬ 
ontology of the Canal Zone> find of es much of lha adjacent arcaB of 
the Isthtiiiaii region ns is feasible. In this survey nn opportunity ia 
alTorded for working out in detail the succession of tlio geologic for- 
niELtions and the study of the structure, petrography, and paleontology 
of a Central American area such as has never before existed, and 
pi*obaljIy never will Ikj realised again. It is possible to make and 
properly ciiaractfirize a standfinl geologic section pf this part of the 
world, otic with which the more ob^scure exposures of adjacent areas 
may be compare<l. There is already nearly completed a section of 
each aide of the Culebra Cut in a horizontal scale of 1: 5*(KX), vertical 
scale 1:2,500; and a general section has been made from the Atlantic 
to the Pacific, with collections from every fossilifcrons exposure seen. 
A basis has been prjiclically determined for the intercorrelRtion of 
the formations across the T^rthmns and for correlation with the Gtilf 
Statc^^ also with certain formations in some of the West Indian 
Islands. 

Upon tlie completion of this survey the Institution will publish a 
general account of the work accomplished^ ond later it is planned to 
prim a detailed report of the geological data of the Isthmus and 
adjoining r^ons. 

BIOLOOfOAH EXFEDinO.S'a 1^" AHtirA- 

Afrkmt c^padithn .—The Paul J. Rainey expedition in 
British East Africa came to a successufiil close in 'February, 1012. 
The collections, numbering 5,750 hirge and small mammals, 4G0 birds, 
2,000 i-eptiles, and 500 miscelhincoufi specimens, included a large 
number of new genera and species suice described m tlie publications 
of Llm Institution and the Xational Afusetim, During this expedition 
Mr. Edmund Ilellor, of tlie Xational Museum, who had previously 
seriTd as natiiroUtii on the expedition under 0>1. Roosevelt, was the 
giie.Ht of Jtr. Iluine3% who prorided him all tlie native assistants that 
he could uRCs and accorded him perfect freedom as regards choice of 
collecting ground. Mr. ileller was thus able to vidt the exact regions 
from which material was most needed to supplement that procured 
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liy the previous expedition. After studying ihe mammaLn In the 
Briti::»l) Muslim, Mr. Heller reports tint iLo United Slates Xationwl 
Museum now hos the finest seri® of East Africjiii mammals in Iha 
world. Eighty lions were secured on the expedition, wliit-fi more 
than tripled the Highest previous record for Africa, 

The ChSds Frick Expediti&iK —As mentioned in my last rejjort. 
Dr. Edgar A, Meams, United States Array, associate in zoology in 
the A'^utional Museum, who Had served on the expedition under Ctd, 
RocksevelU aecompanied Mr, Childs Frick, of Xew Vork, on u hunt¬ 
ing and collecting trip In the territory north of that visited by CoL 
liooscycU and 3Ir. Eainey, covering nt the same time ts?rtaiti jiiirta of 
AHvEsiRiu, northern liritish East Africa, and the country lying ulriMit 
I-ake Rudolf. The exjieditlon ended in Scplciiifjer, 1£)15. The col¬ 
lections as a whole embmcetl plants, mammiils, bird^ reptiles, Initt^i- 
chiaiLS, R'dics, moUusks, cnistaceiins, und otlior inveKebnites. A 
part of the large collection of birds obtained by this expt^aitioIl is 
deposited in the National i^fuseum, 

ESPr^MlATroNB i:^ miiMEO. 


Ahhett Bortit'o rjjycdiViMi.--Through the generosity of l>r. W. K 
AbliOtt, who for many years wm engaged in naliiral history and 
ethnological investigations in the iliday Archipelago, n fund has 
bci'n provided for nulural history field work in Dutch East Borneo. 

Nothing has l*een published concerning this practically unknown 
region, and the Katiotml Museum had no collcc-tioiw 'from Eust 
Borneo, althongh there iiere a few from tlio west and south coimta 
of Borneo. Dming the past year Mr. Raven, in clmrge of this 
exploration, succeeded In securing a very interesting iicnes of the 
characteristic mammals «f the country, such im rUTnigs, deer, wild 
pigs, squirrels und Mnaller rodents, and otiicr interesting species. 

.l/r,AWter*jf cJtpdoration in Forties.—Me. Daniel Denison Streeter 
jr., of Rixioklyii, having offered his services as a collaborator in 
zoology of the National ilnseum, sailed from New A^ork on April 4 
m% and returned December 34, IDIS. Some of hLs II,rilling exjieri’ 
onces in the interior of Bornef> are descrilwd in his interesting report 
to the lasiitiition. He passed from Sarawak Into Dutch Borneo 
by ascending the Hcjaiig River and crossing tlio mountains on the 
dividing line to the Kajan River, He then ascended to tho bend 
of tins river and cKKsed another range to tlio headwaters of tlie 
Alaliakam River, winch be descended to the Strait of Nlaeossar 
During his trip he sretired i5ome Interesting collections of mammal 
reptiles, and iintliropolugical specimens, part of which have been 
receiyejl by tlie Mnseum, Imt many additionol specimens wer^. necijs- 
sarily left bebmd m the mountains and may not be recovered 
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In Jtv^ribiiig joiimuT Jfr* Stmitpr writer; 

AiriTittff lit Kuelil£ig:i tlio capital nt tijo Kitk»^li»iii of In nortk^ 

I appr1j404| tl»0 offlclalB of luy plan to crosi) ttomm, Thv-y 
liE'ijied IU0 ViriHi wtfvy mcsmit Im Oieir powar, aliliaiiRb tlioy told die tluit tici tmin 
IuieI ti^er jfH: tneen nC'itr*??) Hom^», rttul Hint ihi-y did lUst tblnk It possRik* for mo 
to do IL • • ■ r crossciiied a buy 3rKi mllos wide In a Ctilnoae iunk to Uio 

moiitlk of iJio Bejang lih'or. Hero I ooKUsp'd tbroo Mnlaysc und tlaolr onnoe lo 
taka niD 80 utllos ap tLe rli^er to ilie Kslatkd of ftlbiL * * * A IJttlo M^liiy 

rlvor Ktajfiuor nirlveil and txbok me tHJ mllofl furtJior up tlio livor—as fur do It 
ooiiM AL OilB lioiid of aavigiitlon Is n llltio tinlivo town allied Kopit. Jind 
bopp 1 nttfdb toi^k to ilugout oadoc!^ iMb tiuso for good and ull« * * * It 

ti.Mik niP two iiioatbri to nBL^eiiil lldw river to lt^ bejidwatur^?. I ooIHvIihI 
KiHrltuona of ri'pitlM. ami mmuuuilrt, togetber wltb lEiierostlDif jiudimpolo^n^ut 
tipei lmenuv IctoJc fi-liotnimitdm of jill klmif^ kLulKinI Ike (bo tlvcra^ tko 

went tier, ve^otable life In at^iiopd* umde iioteH im every iblnj^, und mjippe^l 
my ctrnnw ns nccbrnteljr ns J rould with tke Instriiiuentn in my |Nii;¥i4i«lun. 
* • • I erewised tJie main of niounLalnB fHErmhit; Uie Imckboue of 

Eofueo Eu tke kemlwdter^ of tko tvtijnn Itlver, I efttlnicite the uUltude of Itie 
tuasH EUroLis^b wbk'li 1 orossiHl tlic nioiintntns at a tttEle over • 

trie then prowmlalj i-iii dui^uiit eusjiWfa down one bra nob of ibe KjjJnii River 
and II[> tlie 1021 In river for neveniT duyF Eo Itie immeiL'ie vning;e uf T^msf Nawong. 
Tbtfl vlLInge comiirfserf abi»ut rutiHl by a nftlive ruin It, wins vlsUed 

me SI lid with wbiuii t exobniiged pre?4eists. Here 1 st‘t oMt with one cijuoe nUil 
five beiuL-buiitet^ iKiildJers 11 m] eimtbilled ins the KjiJuu Itker. A tlrKuS 
nn>se, my oftnrte went to the hoEttnn* and we bJiJ. to swliu for ahisre- I anresS 
tny rifle aiul my tin Ijkix of mii|iH. jmiierHi, dlnrloB, ami notes. 

Conltui.i|iig on f-rN>t stp (lii‘ river we fell lii witli ti tnsrly inf -10 Jii*ad-buntors 
of Use Biiluiu Trfcl>t» eitmI I iirmtna'^l to (rjive] wltk tlieiiip seiullug liHck my bve 
Kftjtin r^ddlorEL With thlf? Ha ban rrsmt® 1 cniiitlnued up tke KniUM Hlver 
to lift bi^dwrilehi and over Jinotber range of me nut jilsiu to iIim bi^tdwnter* 
of the AlrtliiikuTii River. * Aftflr lesiug my ctiUe^-tioii t Inimoilhitely 

begun a Aecmid eulleoibmp ami tkia aK^iiiaixi ibe [iraportloiiu of tbe iirst as 1 
tir<K?oeclaL IVheii witbln ulsmt ftito inile« isf ihe n^ourb of the MEiIinknni River 
I rame lo ike flrat oiiliNU^i of clvllljjallouL the Diitek military p-m of l^uig 
Irtvm, In ehanfo of a PuUdi capt'ilti' und u eonipiiny of native Javaa^^ Tiinti 
ketirliig Illy fitopy ibe eaptnEii prainljs«l to si'nd a oilUlai->- ein'>i>ditieni np into the 
Interior, where the rinirk loid- never Ihiou Ix'hfcnv und try ami tisH*iirp llie otullE 
whieli 1 Imd left at iht-se native * 1 iKsardcHl a little fljit- 

tKittwoed Malay river staiiuer, w'hich * • ^ Uenteil on down tko river u> 

t(ie coast. 

L^MAN SmEBlAX ZXE^3>inO\\ 

Th& expedition to this Altai AloiintalniS]. wbicii wjis financed by Dr» 
Ttieodorp Ljumn, ftf Ciimbridf:®, Atasi, as mentioned in tny lust 
fcportj rviurtiecl to Washington SeptcinlDcr ICj 1912. Mr. ?fefl 
Ilollistcr, A natiJrftlLst of the A'fttional llnseiim, accompnnietl Dr, 
Toyman, Tho cspoclition resiilttd in senuriiig 350 mammals for the 
Xiitional Afiiscuni nml 300 liirilii for the Muiieiim (jf Coinpanitive 
Zoology, Cambriilgc. Ttio region covercti was in thn Kurai dis* 
trii't, (lovernment of Tmnsk. Tho tnaruinal eoUectioii k one uf the 
most important received in recent yenri, as the rt>gioi! had not l«cn 
repre^iitei! in tho Mnscttni, and the fauna, whs of fi|)ecitd interest 
on iieicouni of its clot® relatinjisiiip with tliat of Korlh Americii. 
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ANTHBOrOLOCtCAL STUDIES TN SIBERLA jtND MOKOOUA. 

With ihe view of securing further infurmution ns to the origin of 
the race that peopled America, a visit wns made to certain portions of 
Siberia and ^foDgolia Dr. Hrdlicka, of (he Kationnl Museum, dur¬ 
ing the sumincr of 1012, Tins work wus luidertsken partly under 
tbe auspices of the Stnilbsonitin Tnstihition and partly in the interest: 
of the Pnnama-C&lifornta Exposition of San Diego. 

Besidi\<i field observations made by Dr. llrdliekn, an examination 
was made of tiie ontliropologicnl collections in tlie various Siberian 
miiseuius in tbe region covered. He saw or was told of thousautb 
upon thousands of burial mounds, or “ kourgans,” dating from the 
pi^’Dt time back to the period when nothing but stone implements 
were used by man in I hose regions. And he saw awl learned of 
numerous large caverns, particularly in the mountains bordering the 
Yenisei River, which yield human remains and offer excellent oppor¬ 
tunities for investigation. 

A brief account of Dr. Hrdlifka’s sttidics is gpvcn by him in a 
pamphlet published in the Smithsonian MLjCelloncoiis Collections:, 
in which lie says: 

lu regard to the livtoa people, tbe writer bad tbe epportunliy uC eecina nu- 
luemnB Kurlata repreoentatlTes of a naudn'r of tiihcs oa ibo Yeolsel and Aba- 
Can Rivero, uiaujr thunsaads of Moa^llaiio, a nutnier of Tlbctana, and mnny 
Cbincso, wllb, u few Mnachurlaui. • • • Amoiiu nil tbese iicople tbere are 

vlulble omc}' uad onmlatokable traces of adialxtiirc or pcralsionce of wbat 
api»ears to have been tbe oldut iwpubitloa of Uic*e regloas. pre-Jlonaollnn and 
oapevlnlty iwe-Cblneae. as we know ibnaiia nations ni tlie preecne da 5, Tbose 
rcpresoiiclng tbeso vistlfifti belong partly to tie bmcbycepbnUc n»d In 11 auiaticr 
extoni to Wo dulioboceijlutUe type, auil resemble to the point of lilimtity Amur- 
lenb Indians of correi^iOHdjnB bead form. • * • 

Tbe pbysk'ti] reociublsnces between these ntuueroua outcroppings 0 / the older 
blood uod tyjies of uortbeastem Asia aud the Amerlein Indian can not be re¬ 
garded an accidental, for tiny nro nujpBrotts ns well ns Important, and can not 
be fonnd in parts of tie world not peopled by tie yellow-brown raec; iinr tan 
they be inkpti as an tad)cation of xinicrlcan mlnmtiDn lo Asia, for emlaratlon 
of man followa the laws of lesiift realstoiwe or grcateirt advnntnKe, and these 
condlUoiM snrely lay more la the direction fmm Asia to Amertcn tbun the 
nsvGfinjL 

In conclusion, it may Ije said tint from wint bn learned lu eastern AMa, acd 
welgbliia tin evidence with duo rosiioct to other ivtislbln views; tie writer feels 
JustlSed lu Advancing Wo opinion tlmt iMre exist tfr4ay over large pfirts of 
eastern Siberia, and in Mougolln, Tibet, and other reglonji lu tint part of tbe 
world, uutneroos remains, wtdeb cow form constituent parts of more »KHlcnt 
irlhes or uatlous. of a more noclcnt iJOpuTatloa prelate.! In oriKin, perhaps, wlw 
I he latest pnkwIlWIc Euroiiisnn). which wan pbysicalJy identical with and In all 
prubnilllty gave rise to tlie American Indian. 

niOi^xiiCAL mjHVEv of the vasama canal zone. 

The biological survey of tha Panama Canal Zone, organkcil by the 
Institution in IDIO, wad brought to a dose during the past year ns 
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for m field work was concernedj sind some of the results ha^e been 
[jabliiihed. The oattiral history coIleLtiotrs m^de hy the mirrey have 
ndded very valuable material to the Ifadond iluseum series of 
manmidsj birds, fishes. reptilei?j and amphibiafis, land ami fresh¬ 
water molliisks, flowering plants and ferns, and specimens of micro- 
seopk plant and animal life. 

A^^*tte^>Pc^lJ^>o^cAL flirmrEs rmv. 

During the past year a second trip was made to Peru by Dr. 
llrdlit'ka in continuation of the brief but verj^ interesting researches 
made by him in that eouDtry m ItilO. The principal objects of the 
trip were the mapping out as far as possible of the anthropological 
distributions of the prehistoric Peruvian^ more pfirtioularly the coast 
people; the determinaiion of the physical type of the important 
Kfisca group of people* which represent one of the highest American 
cultures; further inquiry asi to man's antiquity on the west coast of 
South America; and the extension of Dr, Hrdlirka-a researdn^ on 
pre-Cohiiiibian pathology* Important collections were made for the 
Xfttioniil Museum, as w'ell as for tlie Panama-Californin Exposition 
at Son Diego. A very perceptible change for the wor^ wan observed 
in the state of preservation of the ancient remains, both skeletal and 
archeological. Dr. Hrdlicka reportsi 

Tbe iBiJor part oC the ctU jMipulnUoa o| die cslenalre ccBat reRlaa were 
fnUDii where to bcioni; to Uie bmchjr cephalic type, tntlmfttciy rein ted to 
Uie Maya-^[]«jtcc type In the nyrtU- The Kjisca [wplc wore one of the purest 
groups bdortatnE to thla typ^. ^Vtierevef tb«2r lived these pcoi>!e of the Peru- 
vEon const were wuat tq practice* more or less* the antcmiioatoHar laend deforma¬ 
tion. They have spread filous th£> vulLcyE to the rooihUJa of the CordlUeni, and 
ha VO prohably In sonw la&taiiecs penetrated icto the inoantnliia MeflnwhSIe* 
however, they beoiLOje tn mimy Ulough not nJl localltfea more of loaa mlxod. or 
rather mln^edr with doUcho or noop dollchowphalle elements wMch came from 
or across the motthtalns. 

As to man's aaUaaUy. the reBUlta wore wholly neg^aUve; no troc* of nwa of 
[pal o^e, nor oven of an ancient man of the prcseait epoch, wore discovered^ 

The deasliy of the tire-Colunjbtnn population was In jwme locflUtle* groaterp 
m others prdbalily Icss^ than at the present time. 

to pathology, the people of the mountains were found to have beeh nauch 
healthier than thuiW! of the ecsiflL The iuuat coromoti dlmise le«i la^ tta traces 
on the bcuics in noclent Pom was arthrllla. In atxtctJy pre-ColninhlaD ceme¬ 
teries there was no racMlis, iyftbUla, mherculoslB* or ctmeer. Wounda of skull 
were Terr cotuniqCL In the mountalna ttumcreus interestlug iustnnees of tra- 
pnnatlea wore discovered. 

Farther aiploiatlons In the mouhialnotiB porta of Fern are 
JlESEAHjCii-Efl irNDER TUX HODOi^IKS FCNtJ. 

As mentioned in my lost report, a limited grant teas made from tke 
Ilodgkitia fund for carrying on certain observations on. nocturnal 
radiation at various altitudes. Tbe results of this research, as also 
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of ficvonit otL*?!- Hues of iur«stigation in connect Ion iherewitli, pro¬ 
vided ff»r by tin additiotinl grant, ure clijjciissed on another page by 
Mr. Ablxit in his report on the Astnophji'sjcal Observatory. Tliere 
WBsi 11 ]iH> allotted from Iho UodgkiitH fund a grant for carrying on 
aeronautical researches In connection with the Langley AerodjTiami- 
eal Lftljorotory, disciiased in other paragraphs. 

There ivas in press at the expense of this fund during the year 
a paper by Dr. £A>onard Hill and associates, discussing the results of 
important researches made 1>3- them in Ltmilon on tlic influence of 
Ik* atmosphere of crowded places upon our liealth and comfort, 

SMITHSONlAX TAm.E AT NAl’C.ES SSOOLOOtCAL STATION, 

III order to ttlford an opportunity for American biolr»gIst5 to study 
marine life under exceptioufllly favorable facilities, tlie Institution 
for p years past has maintained a table at the Xaple.s %x>logicaI 
StuUon, Tnveatigatoi^ are aastgnefi tlie use t>f this table for staietl 
periods on the recommendation of an iidvisorr committee appointed 
for the purpose. The miihorities of the station Imvo on several oe- 
rasions courteously allowed more than one occupant of the table 
when there was overlapping in periods of iippfitnfmcnt. 

During the year covered by the jircscnt report Mr. Sidney I 
Komhanscr and Mr. Kdward C. Dsiy, both of Harvard University 
have pursued studies at the Smitlisonian tidde. * ’ 


THE ll.VRRIMAX TBrST rUNlJ. 

Under n special trust fund, eslablishetl by Mrs. E. II. Ilarrifnan 
for his investigations In natural history and cthnologj-. Dr. C. Hart 
^lerrium has equipped two offices, the princlpul one at M'sKhington 
D. C.. the other at Ugunitos in west central t’ulifornia, a convenient 
center for field wort on the Pacific coast and u favorable place for 
tho prejifimtion af results ^ 

His pi’iijcipol work during the year Ims ken a i-ontimiation of a 
monographic study of the Amcrinm lieara. Assistance in the wav 
of the loiin of qiecitnemi hus Iweii rendered by all of the larireV 
imw'iims of Amcricn, including the fJoverutnent museums of Canada 
at Ottawa and Victfiriu, and by a nninber of sportsmen and liunteiv’ 
wtio have placed tlieir ]jrivnte niateriiil at his disposal Tills has 
iHien Mill further aii^ommted by the purchase of specimens >n»inlv 
skulls, of wro and httlc known species, some of which are the onlv 
ones m existence. In view of the fact that several sp^cs of o ^ 
arge* kurs are already extinct and others on the verge of extinction 
(bo great value of this material Ls obvious. ^ ^ ' 

In ..mncction with the study of tlie big kai^ a new method has 
been devdoped. namely, an intensive study of teeth from nhoto 
grBi.hs. Owing to the large size of bear skulls, it is impo^Jblfto 
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bring the twth of scTernl indiTidimb near enougli together to ndmit 
a cJireet compari'^oD* To obriato tliis difficultyi the tcwth have 1)een 
photographed until ml Series^ of these piiotogroph^? arraugefl 

closely t^klc by side permit direct critical comparison of a number of 
spccimcni? at ono time, faroring the recognition of resemblances and 
differences not easily detected from the apeciinons. This method 
would seem to bo avuiUble in thu case of other groups of large 
JtinmniaJs. 

Owing to llio deaimbility of cotopleiing the wtudy of tlio bi^ars P 5 
curly as pustfjhk^ but 111 tie field work wna undertaken. Stilly a fow 
tribes of India ns were visited, and half a dozen vocabularies^ cob 
lectefl. completing the series of vodabTilarics of the 25 citisting lin-i 
gtiistic stocks of Cftlifomift and Xerada. 

ASrEEIC.^^ SCHOOL OF AHClUiOl/KlY IN LIIINA. 

At a lut^eting held at the Siuiilisonian Institution on Jiitniary 
lOlSj there was discussed tlir establi^shiaent of an American s^diool^of 
nrchtiology in China. The objects of the school as proposed are; 
(1) To prost^rutc archeological research in eastern China; (2) to 
afford opportunity and facjliUcs for investigation to promising and 
excepiioind students^ Initli foreign and native, in xVsiutic archeology; 
and (3) to preserve olijects of archeological and cultural interest in 
museums- in the countries to whicli they pertain in coojieration wuth 
existing orgjiiiiYJitionSf such as the Soci^t6 dWnkorj etc. 

The management of the affairs of the school was placed in the 
liands of an e.™utive committee of five^ consisting of Dr. Charles D. 
l\"akt:iU. Secretary' of the Smithsonian Institufion; ilr. Chutlea 
Henry Butler, reporter of the Uniiwl Stat^ Supreme Court; Dn 
Hurry Lune \\"il>;on. of Johns 1 lopkias .University; Mr, Charles H 
Frecr^ of Detroit; and Mr. Eugene Meyerj jr.^ of New York. The 
general coiuznittee cda^iitis uf 15 gentlemen espedally Interested in 
urcheological ru^oarch in ChiuUp with Dr, Walcfdt as chairman and 
^[r. Butler ns secretary. Arrangement's wore made for n [jroliminary 
Surrey in the Chine:^ Republic for the information of the general 
committee in conddering the permanent organissation of the prupo^Cfl 
schooh 

FUBTUtL\TTONS. 

The publications by tha Smithiisonian TiiMtitution and its 

hranrhcri during the hist fiscal year made a total of (5;2GO printed 
pages, and the aggregate dis^tribntion comprised 182;BS3 eopiis of 
pamphlets and hound volumcss- 

The Institution accomplishes one of its principal objects, ^tlie 
diffiirion of knowledge,^ by means of its sev eral series of piiblicatioiLq 
which record rcsidts of original rp^airhcs, accounts of cxplorntions, 
the progTc^ achieved in science and indnstry, and general inform a- 
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lion in nil bninebcs of biimnn knort'leclg*: believed to be of value to 
those interested in the promotion of science nnd tlio welfare of man. 

The Sniitlisonian Contributions to Knowledge, in quarto form, 
and the Smithsonian Miscellaneous Collections, in octavo, are printed 
nt the e.vpense of the Smithsonian fimd, and necessarily in limited 
editions, being distributed chiefly to certain large libraries through¬ 
out tlie world, where they are available for public reference. The 
Smitlisonian .jVnniiul RepMirt, however, is printed at the «x|]cnsG of 
congressional upproprititianfi, aJtd tn an edition of several thousand 
copies, thus permitting its wide distribution. The priridpal feature 
of the annual report is a general appendix containing a bout 30 se¬ 
lected or original memoirs illustrating the more remarkable and im¬ 
portant developments in the physical and natural sciences, as well 
as sliowing the general character of the opGretiona of the Institution, 

In addition to the publicatioua mentioned above, there arc several 
other scriea of works issued under the direction of the Insiitiition 
through its various brnnehes or bureaus. These include the Annual 
Report, and tile Proceedings and Bulletin of the Nutiuna] Museum; 
the Contributions from the Xational Herbariiim; the .^imal Report 
and Bulletins of the Bureau of American Etluaulog^'; and the An¬ 
nals of the .iVstrophysical Observatory, all of which arc Ooveminent 
publications, being printed through annual aHotmonis by act of 
Congress. 

^rnitAgaman Cm(ributiom io Knowiedffe. —chief character¬ 
istic of memoirs printed in the Contributions to Knowledge is that 
they are records nnd discussions of original investigations and con¬ 
stitute importiint additions to knowledge. Since the establishment 
of ibis fierics in ISIS, about 150 of these memoirs have been published 
in 35 quarto volumes. Tlie most recent memoir of this scries, re¬ 
viewed in my last report, was the Langley Memoir on ilechanical 
Flight,” recording the experiments of the late Secretory Langlev, 
which resulted in his successful demonstradon of the pracdcahilitv 
of aerial navigation with machines heavier than air. 

MisceHarmaut CaUectitms. —In this series 40 papers 
were issued, forming parts of five volumes, the titles of which are 
enumerated in the appendix herewith. Among these nmnerous 
papera were two articles by the secretary describing further results 
of bis studies of Cambrian fossils, a bibliogi'aphy of the geology 
and mineralogy of tin, and a large number of papers descriptive of 
results of the Smithsonian African expedition under Col, Roosevelt, 
the Paul X Rainey African expedition, and the Smithsonian biologi- 
rel survey of the Panama Canal Zone. There were also in press at the 
close of the yey three additional papers on Cambrian fossib, one 
of them, in particular, giving an account of tho Mount Robson region- 
and a paper, as already mentioned, by Dr. Leonard HiU and other 
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investigutoils of the Physical LdiI>onitory of the London Hospitnl 
Medical College, dlsco^^ing' the results of experlmeriis to dctcmiino 
** Tlio influence of the atmospUeru on nor health and conifort in con- 
fined ancl crowded places.^* The authors conclude that— 

Xo B^iuntaiiLri of lUcM.'fimfiii-t. fattffue, or UlnesB roftolbi. no lotip ttie tempera- 
Tone iinU moleturo am lew, from air rend:ero4^ in tUe clieraicjil waise. lalslily 
impuit' l>y llte of til]iia4ia beEngB, Sach nlr e^a W twjme for liourn 

wUliQut any of tKi4Uy or lacutjiL tIepresBSocL • * ■ Hesu Htiigmi- 

tloii la thereforo tLt» otie iind only ■rau-'se of tlie UiBeomfort, and nil tiie s^'tuptouoi 
artslu^ In Urn vIlUiUKl ntnicHiplierc of crowded rooniH tine 

on Lent aingiijUion^ Tfae motfitute, Htlllness, ftnl wnmitb of tbo atmodi|>!)cre Pro 
rf?a|H>natbIe for nn offecta, nnd nil llie cfTortfl of llie bentlug nuil votLllinting 
engineer abouLd tlicreforo b« ill reeled lowiirtl cooling tJio nlr In crowded places 
nnd cooling tJie bodies of that people by pelting ihe air In motion by menus of 
fani mm* essenllals ri»iulrad of any good J^yslcm of volitllatton nre, 
ihoo: [1i ^lovcmeiit coolness, proper degrue of rebitlvc motRlure of tbc nlr, 
nnd (2) roductloa of ibe nsasa luflcence of patbogenle baclerlLi. Tbc cbemicnl 
psiilty of tlie nir 1 b of very minor Imparrjince nnd will be ndcqnatcly iiiHiired by 
attendnnee to tbe esBeutlulH. 

Simth^ojdajh —The eompietioii of the annual report for 

lOU was long delayed iit the Government Printing Office^ nwiitUng 
a supply of the qiiality of paper used in that publication. The 
general appendix ipf the volume oontfdncd 3fl articles of the usual 
character. The report for 1912 in type at tlie close of the fiscal 
year* The popularity o£ this work continues unnbaLed^ the entire 
edition each year becoming exhausted very soon after its publicatiou. 

publkvthn ^,—Tlie publications by the Museum 
during the year compHsed two volumes of ProceedingHt pamphlet 
copies of 9G articles froiii the Proceediiig?;, two Bulletins, and nine 
parts of volumes of Contributions from the ^'^ational Herbarium- 
An intiTerting work in press at the close of tlie ycacj prepared by 
.iVssLstaiit Secretary Eichard Kathbuni gives a descriptive account of 
the Imilditig recently erected for the dcpartmciitis of nutunil history' 
of tlio I7niic<] States National ^luseum. The book is illmdrated with 
34 plate* nniL besides a general description of Uie building, iiiclucies 
flpecinl chapter^ relating lo f^tructurai details and mechanical et)uip- 
men t, 

Zo<^h$ical mrn€ncl{^tur ^.—Opinions o2 to 5G rendered by the Tn- 
ternatioiial Com mission on Zoidogieal Noinenelatiire were publislied 
in the usual form* The Institution also continues to aid tJie w'ork of 
tills commission by providing funds for clerical services in cotmec- 
iioii wilb the ofiice of Us secretary in this country. 

PubJif^a/iom of Bnreoa of Ethnolog^.—Th^ publica¬ 

tions i^ci] by the Bureau of jVmerican Ethnology were the Twetity- 
cigfith Annual Eeport, containing papers on Casa Grande, ihe antiip 
uities of ihe iipfHT Venle River and Walnut Credi VaJJeySj Ari/..j 

443I53*—iiM 1013 - 2 
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tilt* liijgtil&lies of Algonciiiian tribes $ also Bulleltd 52 on early 
in fsouUi Amoritsi, ami Bulletin 54 on die physiograpliy of tlie Bio 
Gruntle Valley, New Wejtieo. 

7/m? AttrOfthysictil OhservttiGry tind completed work on volume 3 
of tlie Annals of the Obaervetory at tbc close of the year, ami it was 
expected tliut the distrilHition of tlie edition would take place soon 

after July L .... i ■ i 

licpiivts of histofic^^ ontl putTiotiO $ociciio9- In accordance willi 

the national charters of the American Historical Aj^octalion nntl the 
Kationul Society of tlie Daughters of the American Rcvolntion, an- 
niial reports of those organisations were subniittecl to the Iiistiliilion 
and coinniiinicated to Congress, 

AUotmmU forpntxfhiih—Tl^t: allot merits to the Itislitulion and its 
branches, under the head of *' Public printing and lunding,'' during 
the fihcal year, aggregating S74,f»00, were all utilized with (he tx- 
eeptiou of lanall halances on work in progress at the close of the year. 
The allotments for the year ending June 30,1914, are as fnllow-'!: 

For ilie SiisltUssctnliiii IiiHlkmllori, tor iiriiiUnj: nval litiiiUug anniull rf- 

\miri 3 of tlie of Hceenti^ wltU genontl -- f U», (XW 

ror tilt HHEi^ial r4>ports of Llic Xntlocuil SluBeiini, yfhh gtnurfil 
and for prlDtlnp Intivid nml blonkH, nnd for tbe 
tihil priKtcdloRw of thii Natltmol Lbc eilUionif of wbieb sball 

not (?i«ced 4.CUM) <)Ol»lc#* nnd biniSMsf^ In hnlf turkey or nijitorlnl not 
iriurti ^ckiriildc books nnd i-ampliloto iirGBeiitnl in or at- 

Qiilreii by tbc XaUoiwi Muisoura ---37^^00 

For lUtf imuunl mnim and bulLetios tbo liurcuu of American 
EOinoUiKy^ and for nil«»ct'lbiii«s)ua printing nnd blndintf for the bureau. 2ijm 
For mJ^11>(intKius printing ii»i;l bHidtug; 

lnteiTiJitfnii4l —-—---— SKKl 

liilerunLlonnl cnlnloirtw? of Munlllie litem ture.^^.____ iOd 

Viitij-i rmi Zoolotflenl Park,..-.-..— ----———^— 201) 

Afttr^'pbysIcTtil Ob^rvmtory (any nne](|iend^ of lOlll Allot- 

for Toltitno 3 of Annnls iiiRde nvalluble for OAeal year 1014)_ 200 

For the R^nunl report of tbe Atiiedcmn lllstDriml AsNocIntTon___ 000 

totflL —_—-.____ jO. 200 

an /iWiif/iM? find puhlh^fxtiotu —TLi* udvi&ory rmninittec 
on printiI!" and publication under the SmitbiwnjQn Ini^tilution bus 
coniipued to cAamine jnanuscripts proposed for pubUcation by tho 
bniticbes of tlie lo^itutidn and lias considered various que&tion.^^ 
cf>yiceriiinp public printing nnd binding. Twenty-two meetings of 
the commit tee were held during the year and 13S nianuscripby wcrci 
paasd upon. The [lersopne] of tlie committee asi now orgaiiii^ed is 
follows: Di'- Frederick W. True. Aiislstant ikeretary of the Sraith- 
souian Institution, chairman; Sir. C. G* Abbot^ Director of tho A.^tro- 
phyfiieol Observatory; Dr. Frank Baker, Sujieriutendent of the 
National Zoological Park ; Mn A, Howard Clark, editor of the Smith* 
eortiau InsiitutioUj ^retiiry of the committee; iLr. F. W* lludgo, 
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ethnolo^st In eliarg» of tlie BnreJiti of Amed^an Ethnology: Dr. 
George P. Merrill, head carntor of geology, United States X.itionai 
]^tu 5 eiim; nod Dr. Leonhard Stejneger, head cumtor of biology, 
United States Xational Misseiim> 

Dhtrihuthn of pubficaiiom.—On Aognsi 33, 1013, o law was 
enacted i^eqniring tiuit all Government publicotioas must, nftcr Octo¬ 
ber It be mailed from the Government PHoting Office, mailing lists 
or lat>eb to be forwarded to iho superintendent of dociitnents for 
that purpose. In accordance with the law, the Smithsonian Report 
and publications of the United State Xntioiial Aliiseum and the 
Euni^ati of Ajnericaii Ethnology liave sinc^ been dbtribated direct 
from the (lOTcmment Printing OfUre. The act-umuloted stock of 
publicntionst aggregnLing about 100,000 volumes and pumphleLs from 
which constant demands had be^ii supplied^ was also transferred to 
the Siiperintendent of documents during the mouth of Septemljerp 

Cafologri^ &f Tliere is in preparation, and nearly 

ready for press, a complete list of publications of the Institinion and 
its branches* Partial lists have Ijccn issued from time to time but 
no complete ciilalogiie has lieeti piiblishccL Tlie present work will 
contain about 12,000 titles^ being practically a table of contents of 
the entire series of Contributions to Knowledge, MLscelkiieoiis Col¬ 
lections and Annual Reports of tlie Institution, the Proceedings, Rul- 
letiius and j:Vnnual Reports of the Xational Mnn^eum, tlie ^Vunual 
Reports and Bulletins of tlie Ruevnu of American Ethnology, and 
the Annals of the AsLrophysical Ob^rvatory. Tlie catalogue is so 
arranged as to ixirtiiil of ready refen-mce any d^ired subject or 
the collective works of any author appearing in the ^icveral series. 

LIBRAItT. 

During the year 134^30 Tolnmes and parts of voltmiea, cliieQy on 
scientilic topics, were added to the SmitJisonian deposit in the Library 
of Congress* The additions to the National ]^InseiiJii library' nuni' 
bored 4.0G2 volunus and pariiphkta. Additions were also mado to 
the libraries of the Astrophysiciil Observatory, the biological Park, 
tlie Bureau of American Ethnology^ and other office libraries, includ¬ 
ing tho aeronautical library, which it Ls expected will bo utilized 
chiefly in cj^mieclion with the work of the Lsingley AerodynHuiical 
Laboratorj' organized in May, 1913* 

Tltc appropriations for the ne.vt fiscal year provide an item of 
$15,000 for beginning the coTistrnctiQii of metal book stacks in the 
main hall of the SmitJi^onian building to contain the library of tho 
Bureau of AnierXi'an Etlinolog!i\ a port of the National ^Inseum 
libra ry% and cwiain other collections of books non' stored in places 
inconvenient for reference. 
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Til the new btiiMing of the Xationol Mus=euin four roojns oii the 
ground floor have been provided ii^Hh steel book stacks and Libnsiy 
appliances of the latest desigit- To these rooms have l>eeii transferred 
works needtd in eonncction with natural history studies, while books 
rdatiiig chiefly to the arLs and indiistries and to Ameriran liistory are 
retained in the older lliiseum building, where the collections of tboac 
classes remain on exhibition* 

archives. 

During the year sotne attention was given to imjsroving conditions 
in the archive riDOiii of the Institution, which was very badly over¬ 
crowded, 111 is rtiom. on the fourth floor of the Smitlisonian building* 
was thoroughly overhauled and much accumulated matoriol not re¬ 
lating directly to the hi^-tory of the Institution w^aa removed tci other 
quarters. The set of Smithsonian publications fonnerly preserved 
in this room was temporarily removed to the office of the assistant 
secretary in charge of library and exchanges, thus making spaci^ for 
mauusciipt material of importance* Two large wooflen rases con¬ 
taining papers relciting to the internal affairs of the Institution and 
its branches, together with other documents, w*cre replaced by metal 
cases contitining drawers equipped with uniform cardboard recep¬ 
tacles for pnpersi and alphabetical guide cards. It was not found 
possible, however., to complete tlie transfer of the papers to ibese 
receptacles during the year. 

Tile wcKxlen panels in the doors of the wall cases in the room were 
removed and replaced by gloss, so that it is; possible to see .the con¬ 
tents of the cases wdlhout o[ieniiig them. A cose waf? provided for 
plans, ehart^s, and other large objects. 

Cases were placed in an adjoining room for tlie recejiUon of diipli- 
rate vouchers and other flnancial papers of the several branches of the 
Inf^itution- 

The large quantity of Schoolcraft papers at present in the custody 
(*f the Institution were transferred to uniform file boxes and placed 
on shelves. Tliese papers are only partially classified- 

The archives are now completely acceBsiblct althougii a large 
amount of work k stUl required to put them into thoroughly satk- 
factoty condition. The principal improvements necdeikare n com¬ 
plete cord catalogue of the several dosses of papers contained in 
the room, with indications of the location of each, and a unifornt 
card index of the contents of the bound volumes of official letters, 
boih originals and press copies* A reclassification of a conaiderublc 
portion of the other archives is also desirable, a$ well as the comple¬ 
tion of die work of transfer ring papers to the newr coses mentioned 
above. 
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UtNGLEV ilEDALu 

In memory of ilic Into Seerctiiry Samuel Pierpont Langley and 
lib contrihuttoiifl to the srience of aerodromicSt the Board of Tlegenta 
of the Smithsonian In^riitution on December 15, HK)8, estabriahed 
the Langley medal, ''to be awanled for 5?pe4:ially meritorious inve^ 
tigations in connection with the scienoo of aerodromtes and its appli¬ 
cation to aviation^' The first award of the medal was voted by the 
Board of Regents on February 10, 1000, to Wilbur and Orville 
Wright '^for ndvandng the science of aerodromies in its applicatiou 
lo aviation by tlieir successful investigations and demonstrations 
of the pritcLicability of meebanica! flight by man.-- The medal was 
presented to each of the brothers Wright at a meeting of the board on 
Febniarv 10, 1010, 

Hie second award of the medal was voted on February 13, 1013, 
to Jlr. Glenn IT- Curtiss '' for advancing the art of nerodromics by 
his successiu] tlevelopment of a hydrooerodrome whereby the safety 
of the aviator has been greatly enhanced,.^* and to Monsieur Gustave 
Eilfel ''for advanehig the science of aerodromics by his researches 
relating to the resistance of the air in connection Avith aviation,’^ 
The presentation of these medals was made on ^fay 6j 1913+ This 
date was selected in order that the cerenioniijs Incident to the presen¬ 
tation might take place in connection with tlie observance nf '' Lang¬ 
ley Day,^^ which was established by the Aero Club of Washington in 
1911, to commemorate the achievement by Mr* Langley on ilay fi, 
of mechunjcal flight by a heavier-than-air macbiiie propelled 
by its ow'n power* On May fij 1911, and again on May &, 1912, there 
were exhibition flights of biplanes and monoplanes near Washington* 
On the afternoon of May fi, 1913, the celebration by the club cwcurred 
at ilie Army War College immediately after the exercises in the 
Smitlisonian building, and consisted of a ^^^cpption by the Aero Club* 
followed hy^ hydroaeroplane, hi plane, and monoplane maiieuvers. 

The presentation exercises in the Smithsonian building preceded 
the tin veiling of the T-angley memorial tablet and included addressiBs 
by Dn Alexander Graham Bell in presenting the medals* and accept- 
nntes by Anibassador Jusserand in behalf of M, EiHeh and by 3Ir* 
Glenn IL Curtiss, 

In the cour^ of his address M. Jusserand said: 

Vl> Imrp pecfi France and Ameirlcfl vie wltJi cacb oHier not only Id the ron- 
ruiesFt of hetrer, ^-rMiior, nnd liberty frota lo but alia In the 

IfpoducLoB of niore and more niiipi«uoii!i invHitioas, ImiJrevJup tbe ulaao of life 
of the mriD^, rvaebluif 1 m« fiiutty flolutloaa of the inrat »x'3al itrohlenw* 

Xqthini; more sttritla^r tuis taken place on these llnw tlmu In wtuit coacema 
the comjTiwt of the ftlr^ It la Furelr to reiiiemUer thtit oae of ibe 

very first aifOiiA ntiecDptiHl t«ik place In VemUlco, whea of tlie 
MFiim baiooiiH rose s forttiliJdit iifter tbo treaty deUnitcly aecarlasr yoar Jnd#- 
ftendency had bfvn slgoed tliere in 17831 Aiul you all know that Ffauktlu, when 
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TTlijii. DTiift tJjtf ^joil of Hueli nn liiT-pniiPti.. anflwnrod. Wbit tho goofl 
of u cbKdr' Tbo diild hiiB j,TTm'i 3 uad 1 a mptilly n jjiant 

In iMJwcr. TTspfie tn Ho bmiich of hucifkii nutlvlty fti wlih-ll b'mnL-o and Amorkfi 
have innro truly Hed ‘wWh eocb otJicr thnu thia one, from tlie tnatnorablo day 
of ihii Alrmiffolfi^re, so ^ukklj? parfocted by tbo Frcncti pbyKtcl^ Cbnrlca, tu 
fuif own tLiuc. 

Jlr. Curtii^ said in pEtrt : 

Ab t toot at iho LuJigSoy models hcro^^ It bccompa more O'videat to n» thnn 
evor bofon^—tbo tuarlt of tlieac mnablnna nnd ttiE^ in^t Wort whU-lj itr. 
dIdr Wa now know^ uji a rosult of M. EIITorf^ IntHEnilary ei[a?T]lTiLtit!i. thnt 
tlySng planes iised by Prof. I^nglcy Lad a imjat deed of efflylenr'y. and It la also 
^enemlly kaown ttmt tbe Laneley ninoblniia^ na bo built them, liad mom fit- 
hcrent atnblllty than ibe tnodela wbkll tboHO of tia wbo fonowod nUar LnnjfJoy 
naod in our drat dlghte. 1 can not my tun mucb In fuvor and In of 

Ptof^ Lsmi^I&y* 

irEMORLVL *r.VBLET. 

On May 6, 1913, the nnniveraftry of tlie sut'cessful (liglit of the 
Irfinglev model nerculrome in 1896, Uie Langley memorial tablet to 
eQmmeiiiQrtjtG the aeronauticnl work of the late Secretary Langley^ 
was unveiled in I he Smithsonian building In the presence of nien 
prominent in the development of avintiod and u large company of 
invited guests* TIio tublet was described in my last report, Ou the 
iK'CEiHion of the unveiling of the tablet a memoriEil uddresa was de¬ 
livered by Dr* John A, BraahcarT one iif Prof. Linglcy's oldest and 
most dterished friends* and his warm supporter during hia long in¬ 
vestigations connected with the suh]x?ct of aerial Hight* 

CONGRESSES AND CEI-EBIlA'nONS. 

Tlie Institution each year receives iuvitationa to numeroufi scien¬ 
tific congresses and celebrations m tlie Uniteel States and abroatL l>i4t 
as funds are not available for the eic|xnses of delegittcs, few of these 
invitations ca!i be accepted. In some iii^tantTCis; however, St k pos¬ 
sible to arrange for representation by eollalxirators of the Tn-^tltution 
who are visiting the localities, or by members of the seiejitific stuff of 
the Institution i^r its branchefi who are atlendiiig at their own expeuso, 

Zooli>fficaJ Cf>nffre&i, —Dr, Ijuotdmrd Stejnager, Dr. Ch. ’iTiirdell 
Stiles, and Dr. ITerl^rt Haviknd Field were designated to repirocitt 
the Smithsonian Iiuititution and National Museum afid were also 
dcrignuteil by the Depart men t of State as delegatijs on the part of the 
United States at the NinlU International Congnss of Zoology at 
Monaw, Jlttrch SS to 30, 1013, 

Apprurf {^herniiitty^—Tli^ opening tiieetitig of tlie Eighth Inter¬ 
national Congress of Applied Cliemistry wuis held in Washington on 
September 4^ 1913, with snbHequent meetings in New York- Prof* 
F* W. Clarke was designated lo attend the eongrei^ as the rcprcsetiia- 
tive of the Institution. Tlie congress made the Secretary of the IrMi- 
Cull on one of its honorary vice pitsidenta. 
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PpeAkt&rli'- untAr^poI&ff^. — D\\ Ales Mr<ili£kR, Dr. Cliarlea Pea- 
bod}’, am] Dr. (leorge (iniiit MrtcCundy were desigiiiiLed to represent 
tJie Smithsonian Institution and the Unite<l States at the Foiirtc=?enth 
International Congress of Prehistoric Anthropology and Arrhefilogy 
lit Geneva, September D to 15^ 1&12. 

and dem^^rapk ^.—^ihe Fifteenth Ditemationnl Conpreis^ 
on Hygiene and Demography was held in Washinglon frfsm Sejj- 
temlier 23 to 1912^ under the auspices of the rfovei'nment of the 
Hnited States^ President William llm-vard Taft serving liontir- 
Jiry ]>re3ident. Your secretary wa-H a member of the Imiil rominittea 
on organiKalinitii anti ilr. W. 11^ TlolnieSj of the National Afiisenmj 
served on the interdepartmental committee on e.xihihiis. 

Ari^heol^lfieat C&n^rcKs ^—The Third International Congress on 
^Vrelieology was held at Rome. October 0 to 1% Upoti the 

noininotion of the Smillisonbm Instiliition the Department of State 
designated Pr^^f. A. I/. FrothingUam. of Princeton, Prof. George iL 
Whicher, secietnry of the New York Society of the ^\-rcheological 
Institute of America, and Mr* William II* Bnrklerj president of the 
Ilidtiniore Society of the Atcheological Institute of America, 11*1 dele¬ 
gates on tire part of the United States at that congress. 

fli'Horhat ithidks. —^Prnf. J. Franklin Jameson, of the American 
Historical Aj>$oeiaimn, was designate! to act as the representative of 
the Smitli^nian Institution at the International Congress of His¬ 
torical Studies held in London, April 3 to 8, 1013, under the auspices 
of the British Academy in conperaUtin with British imiveraitics, 
learned societies, and institutions, 

Oeologk^if —Your isreretary, uis a member of the Twelfth 

rntcrnational Congre^H of Geology, arranged to be at Toronto Au- 
gtist 7 to I J, and wa^appointed to represent the Cnmcgie InstU 
tution of Washington and the Washington Academy at that congress. 
Dr. George P, Merrilb head enratur of geology in the Katioiial Ifu- 
seum, w as appointed a represontntiva of the Smith-sonijin rnstUntioiu 
Ca^ngnm of Am^ricanhis ,—Arningemenbs have hcen progressing 
during the year in connection wkh llie Nineteenth International 
Congrw^ of Americanists^ which has been inidted to meet in Wasls- 
ington in IDII, atid ilr. W* IL Holmes, Mr, F. \\\ Hodgy^ and Dr, 
AIe5 ITnlliciin Imve been appointed an anxiliaiy committee to rep¬ 
resent the SmiHisonian Institution in connection witlu the prelimi¬ 
nary del Eli is respecting the pmpossed meeting* 

TAe State educatian buUdh^ ai Athan}/ was dedicated Octol>er 
H}. 1012, on which occasion the secretary presentetl the formal con- 
gratulatioos of the Smithsonian Institution, which is specially io- 
temted in the city of Albany^ for It \vas there that Joseph Honry^ 
first Bccretury of the institution, was bom in the year 1799, tuid 
there Henrv begon Lis researches and experinients in electricity 
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which m gr^t mermiv tuude possible the ivondcrful ekctricnl 
iichievements of the present day. ^ Ite nmiTied the intensity m-ngtiel 
to the intensity batteryj the quantity magnet to the quantity battery^ 
discovered the law by which their union was etfected* and rendered 
their divorce impo^sibk/^ The inteiuilty inagiiet is that which k 
to-dny in use in every telegraph sy^nn “ Henryks oscillating ma¬ 
chine WQS the forerunner of all our modem electrical motors. Tlie 
rotary motor cd to-doy js the direct outgrowth of his impmvemenls 
in magnets.^ 

iVation/il Academr^ of Sci^nces^ —The semicentennial meeting of 
the Xalionnl Academy of Sciences wos held at the Sririitli«ouian Insti¬ 
tution April SS to 24, 1013* The exercises included aji address of 
welcome by Dr, Im Semsen, president of tho academy, and addresses 
on ^Tho Eeladon of Scietice to ttie Higher Education in ^Vjnerica/" 
by President Arthur T. Hadley, of Yale Univerviily; “ Internationiil 
Cooperation in Eesearch," by Dr, Arthur Schuster, of London: The 
Earth and Sun as Hragucts,’’ by Hiv George E. Hale, of ihe ^Toimt 
Wilson Solar Obsen^atoiy; and ^‘'The Structure of the Universe^” 
by J. C. Kapteyn, of Groningen. At the White House, President 
Woodiiow Wilson and Dr. H. S. Woodward participated in the cere¬ 
mony of the presentation of medals awardefl by tlio academy. The 
Watson metlal was nw^arded to Pn>f* J, C. Kapte™, the Draper 
metial to ^1. Henri Deslaadres, the Aga^sist medal to Dr, Johan Hjort^ 
and the Comstock prize to Prof. E* A. ^HUikan. There were vari- 
oti5 m-ial functions in connection ivith the meeting, including an 
evening re<^ption in the natural history building of the Xational 
Museum. On tlie occasion of the meeting of the academy then; was 
publisiied **A Hlstoo' of the First Half Century of the Xational 
Academy of Sciences, 1800-1013 ” prepared and edited! by Dr, Fn?d- 
erick W. Tnic, assistant seerelory of the Smithsonian Instilution* 
Ivipmai Ru^akn On die occasion of the fiftieth jnbilee 

of the Imperial Moscow and Eiimiantsef Museum your se<*retarj' 
was elected an honorary member of that institution. 

GKORGK tVASiHiNGTON MKaJOlilAL BUlUUS'C. 

In the public buildings bill approveii hy the President on March 4. 
1013, permission was granted to the George IVashingtou Memorial 
.V^ociation to erect a budding on the square formerly occupied by 
the P^iisylvania railway station in Wasldngtom The preamble of 
the original bill fS* 5404), tm passed by the Senate April 15^ 1012, 
defined the objects of the ilemorial Building as follows: 

Tj pnoTiae a fqr tbe erectlaa of a bolhUne la be Imcwn n» tbe OeorRt Wnsb^ 
Ingtcn MeibcHiU Balkliug, to mreo aa itic ^atberiug place ciiiil biL}ac1i;oatteni 
uf iMtrlolk, FHUenUnc. mftUttit amt mher orKnnliatknB IntercsIcU la promor 
Injr the welfure or ibe r>coal&. 
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WhcrcjiF^ U&^T^ W^fdiEitgloti, •bu JuJy nliitE, H7?ejilebn bUDilmL :iiiE 

: li bmH my ardent wtjdi to nee ii pIael dcrli^ on n UbemL ocnlb 
u’liltli would Hpnmd h'y!it€Okntle Idents tlittMinb nil iJftrta nf thH rlstlut* EajpSi^+” 
anrt It wfl& WaahLngtoife wSaE to nitt li'i-lAllr tisstfit \n Uin dQi'elopifloiit of liLa 
bihlriivpd ovuiiiTy Lbtoitnbi tbo ppowotlon of flcletKv, Iltcmiuro, ami art, nad 
wlxh ibe Snii comdiitlati ihni liELdwIede^e Ls tlio ffnr^t baalB of puDllo bappU 
nesii"": and 

tliD etianfdntf coadltlona thai ttmo Iuib brought roquim new metbodgi of 
a^compURblii^ lli£^ roHtdtf by Wasldni^oD and now ii neeef^Sty of Qw 

AltiOFE‘1111 poopf^; and 

WlionfdiK At Uie prosent time there Ls not any snJtable bnlSillilK in llic city of 
WnflldD^toii where Inrige eotiTenttons or In wbicb lorge pobllc functloait ciin 
be bold, or where the jicnuanent bcad^nni'toni and fi?conlK yf natlanul orgmil- 
zndoiis can be ndmlnMered; and 

Wberetia a bnlldlne Bboiibl be provided So which tbem $hnll be a Inrgie atidi- 
tori nil), liail? nt differrni w'bom all i^letloH pcrtnlinlnj; to tbo (crowtb of 
onr hcfrt IntereatH mu tne^t. and mch as Jt la deemed cleBlmble may huTo per¬ 
manent hnidanartcrs; ntid 

"UTierffiis I he fleorse WaghLn^oa MemcrKnl 4 Vt!iH^clatlan [b imw cadged In ob- 
tnlning fnndA for the erection ntld etidown^eat of a hdlldlng Hultable for the 
pnrpoac^c above act fortb^ lo^ be known an the tleorge WaHhlugian ^lemarCnl 
Baibliiijj: Tliprefaro p * * 

The law lui paasetl bj Confess and approved by the President 
Man'h 4, 1913 h waji oa follows: 

Bp it cfiacf^cd by //OK^a 0 / J?ppre«-afa(h.TJi of thn Untied mate* 

of Awierfra 4n UonffrettH ait^emhlnl: 

t » • I * • « 

Str. IP. Ttnit n biiililltij; £fi her#*by anthorl^wd to Imp erect^l In the ptatriet ot 
Coiuiubbi> to be know'ii qb the l-eor}:e WaHhloRt-oii Meinorln] naildhtg^ 

The oaatToI end admlnlstnitlnn of Btild bn tiding, when erectctl, aluilt Ik? In the 
Board of liogents of the Smitbaonbin TnstlttitlDn, 

The irpori^e WaidUngton Xtemorlnl ANKkclatlon la antlLorLKcd to erect aald 
bnlldtiig 1 m Mceonbiuee with p3nns to be procured by isntd fiiwodatlon and to N? 
approved by the Comiulsslaa of Fine Arta„ enid bnUdlng to bo dri^^roof. faced 
wUb and to iXrfFt not lesa than $2,000,000: It stuil] have an auditorlnm 

thnt will neat md le?» tbau nli thousand pt'ople, and enicb oih*^r prtuflller hallf^ 
reception roouio. olflce ructnB, and so forth, a* auiy lie d&enieil ncecesnry to 
carry out the jmrpoaea for which the liolidlng U ernK^tod, ^^d the Bald ftoorge 
Washington ileinorini Assoclatlion ehnll Ul nddttloti provide a permanent endow¬ 
ment funil of not thou ^TjOO.OOO, to iw adHdnlstorea by tlie Itonnl of Regeiiita 
of the f^lthBonhui Infrttiutlcpn, die Income from which ahalh na far aa necessary', 
be ugeil for the maintenance of the said hollding, 
rennlMlou Ifl gTanted the Oetsrgw VVashlncton itcmorlal AT^soclatton to erect 
an Id building in the north end of the rcAervAtloa known a a Armory Skumm 
bounded by Sixth ami E^icnlh Streets wcet ntid H Street north and B Street 
The south front of nEd hpllding In to be on n line with the Swnth front 
of I he tK-^w Xfitlomd Mtiseum Hiillding. In the north end of the Smlttwionlau 
Vnrk; ond the said laud Is hctt'hy atd niiart for thnt pnnioea^: Provided, That 
iho actual cohOtructlon of said biiltiiLng shall not ho undertaken nutll the mini 
of $1,000,WXJ ahall bore been aiibsctlhed nrtd paid Into the troniniry of the 
Washlnston Mruiurinl AssiKinttnn: -4ijrf provided fttrfher,. That the erection of 
raid liVashlngton Mpniurlal ftnlldlng be begun within n period of two 

years froiTLaiHl afttT the pnsraim of ihls nch and thlB section ahnil bo null and 




96 Alf JrtTAt REPOaT SMITH^KTAir INSnrUTlOK, 

Told Uie Cr^nrc Wnahltif^toii ^lu^orbil ta.U to ocuniiij with 

the iirDvl-iSoEis Vftilcrii Mn3Itl0rtjnn^fl?cedf"iit to tUo fiuLhoH^itEon 

Sfilil building? niay, atnong otlipr par[ioite!i;i bo U 90 il for SnAilpiml rocoEJtIciiiR 
£iiid npoclnl [Kublle meotliiRiE mithorlsH^d lij 

CoDirr^ umy niter, aniend. odd to, or repeal a.x\f of tbo proTlsloiia of Ltila 
sectioD. 

The need m Wasbingtnii of such n structure as hem authorised has 
been urged on miiny oceu^ions in public lucetings Uiroughout the 
connli'y. The Regents of the SiiiitlisoniAu IruHtituiion havyj^^EprEsssCfl 
their willingness to administer it when completed. It will be a gatil¬ 
ing place and headquarters lor paiHotic^ scientiticT medicub und other 
organizations interested in promoting the welfare of the ^Vmerkan 
people and the development of the country iu science, literature^ 
mid art> 

Plans for the building are boiug made^ and it is hope*! that tlio 
w^ork of instruction will begin within the time limit set by the kw. 

THE NATIONAL MlTSElISL 

The operalionB .of the Naliorml iluscum are discu.m^d with such 
detail by Xs^iistaut Secretary llathbun in the appendix to the present 
report that I need here refer only to ±tomo of the more important 
features of tlie year. 

The couiplclion of the natural history building, witli its spacious 
well-lighted halls:^ lias made it feasible to vastly improve the extensile 
exhibits of the departments of anthropology, biology, and gi'ology 
installed tlierein; while objects pcrtniniiig to the industrial arts and 
to American history' are now given ample exhibition room in the 
older building. 

Til the zoological halls *rf the new building lire e.thibitcd a nuialHcr 
of groups of animals which are notewortliy exarnplcs of the iirt of 
taxidermy, S4>me of these gnmps being made up of specimens received 
from Ibe Rmithssonian African expedirion itiider Coh Roosevelt, 
And likewbo in the halbs devoted to antliropologicjal exliibits are 
shown a number of racial groups of mankind, indtiding several 
representing Indians of variou<i iril>e3 enguged in thdr native ganica 
and mechanical occupations, which seem particularly attractFve to 
visitors. 

The department of arts and Industries for many yeai-s had been 
cheeked in its development liy what seemed to,he the more urgent 
demand for space for matoral history exhibits- Mciiiy large and 
interesting collections illustrative of the industrial arts, acquired 
by tlie ilti^eum during the last 30 ycui^ had tliereforo nect^rflv 
licon held in ^oi^ge, but the transfer of objects of natural hisloiw 
to the new building has now released large hilL for the iustallation 
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of colliwtionrf pertaitiing to art textiles, silk, w'ool, and 

uottoii manufactures, to arms and armoi-, ceramics, toincral tech¬ 
nology, and to some other general nianufaciurmg industnc*, in¬ 
cluding an exposition of tlic processes and of the raw mater nils and 
finished prodnets. 

The responses received from requests for objects dtidred to com¬ 
plete particiiiar scries in this department are vety gratifying and 
indicate ii public intei'cst in its still broader developiuent. The 
edticational character of these exhibits, mid, in fact, of all objwts 
displayed in the Xational Srusemii, is kept constantly in mijid. 
Thus, a small number of specimeus or oljjects well firranged is found 
to be fnr better than a large display where the edacationnl feature 
is overiliudowtHl by what may lie termed a pictuKsiiue method of 
iiittallatiuii. The style of cases, the color of tlie background, and 
many other details must be carefully studied and worked out with 
a view to proper harmonj" in every respect. 

There has been addeil to the Museum coUections an approximate 
tolal of 302,133 specknens mid objects, as compared with 23^,000 
during the year preceding. Tiic accessions included I'lO.Olli iiotaiii- 
cal, H^hSOSi iitwlogical, and 14,710 paleontological specimeus, besides 
a uuinlicr of iiaintings, art textiles, useful plant producis, and ubjecLs 
ilhistrntive of American historj\ 

III geograpbicul range ihe acoession-s covered practically the 
entire world, ethnologicttl, archeological, biological, and geologieul 
objects being received from all parts of Xorlli and South America, 
from Alaska, Siberia, Gbina, Oecanica, Dutch East Indies, Afika, 
and other lands, the resulLa in largo tueasure of explorations imdor- 
taken by the Smilhsouinn Institution and National Slnsoiim cilher 
directly or in coojieration wStli private iiidiviiluuhs or Government 
ilcpiirtmeuts. Among individuals who have thus served the Museuni 
during the year, some of whom 1 have already mcntioneiJ, were Mr. 
Childs I'Vick, wtui nuidc collections, es[xvially of birds, in Africa; 
jjr. Theodtire Lyman, who bunted atiinmls in tho Altai iloimtains in 
jLsia; Dr, \V. h. Abbott, wliu continued his collecting work in Kasb- 
mir and generously provided for field work in Borneo; Mr. D. I). 
Streeter, jr.. who explored the itiLcrior of Borneo; Mr. Getirge Mis¬ 
ter, who visited- laike Baikal in Sil^riu; and Mr. Copley Amory, jr., 
who made collections of niamiuols and of fossil species in Alaska. 

One of the intereeling additions io the maninml division was n 
taounted s|>ccimcri and skeleton of tlie rare okapi of Afrii'a. ifev- 
cnil noteworthy collections of fo«ui invertebrate,^ were also received, 
unif imu.ng actcjssiuns of vcrtebnitc remains were a largo series of 
nu'itnmaU from the Fort Gnion beds of ilontana, and many genera 
and sjjocies from recently uncovered Pleifit<xa;ne cave deposits in 
ALiryland; also u series of bones froni the A'ukon territory coiituining 
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Lho first pvi^knpc of ihc furrner c-stcnsion of the nmge of llie 
bejoiid the Andie Qrek. 

The mo$t important permanent addition to ihe ^livision of history 
was tho gift by Mr* Ebcn Appleton of the ^ Star Spangle<l Banner*^ 
which he bad allowed to be exhibited as a h>aii since IPOT^ This great 
flag, about 30 feet square, is the one that waved over Fort McTTenry 
in September, 1314, and iiispirefl Francis Scott Kej to wTito the 
national anthem. 

TJie divLsion of phyidcal anthropology has rweived several large 
and valnahle accessions of f^hektal remains during recent j’^ears, one 
of the most Important recent addilionn bcitig obtained in Mongolin, 
where tlie curator was engaged in studies to discoA’er the probable 
origin of the American Indians* 

The National Gallery of Art was enriched by the gift of i:^ paint- 
ings, T of them presented by Mr. iVilliam T. Evams, and by IS paints 
ings and 2 marble sculptures received as loans from friends of the 
Gallery, 

It has been the custom for many years to distribute to schools uiul 
colleges for teaching purposes, or to exchange with other imstitu- 
tiuu^ such duplicate natiira] history specimens are no longer 
ntKKletl for scienlifm study by the ^luscum staff* During the pn.st 
year almut 30,000 specimenfi were thus utilized for educational pur¬ 
pose or to secure new material for the iluseum. 

The number of visitors to the new hnilding during the year was 
201,0311 on week dayia and 5^470 on Sundays* the largest attendance 
lieing 13,236 on March 5, the day following the inauguration of the 
PrcHldent. 

Tlie publications issued by the Mnseimi included about 100 papers 
from the Prtwoedings and ji numlwr of Contributions from tlie 
Xational Herburiiini, besides two completed volumes of Pioceedinga 
and two Bulletins* The total dlalribiition of earlier and eurrant 
publications wph 71,600 copies. 

Mention is made on another page of the fitting up of rwms in the 
new building for the accommi^ation of such t^rtions of the Mu- 
^um library aa pertain chiefly to natural history subjecla, boota on 
other topics being retained in tha older buildings. The total con¬ 
tents of the library at the close of tho year was 43^6|>2 volumes and 
72^042 papers of all kinds. 

Jleetinjp of vorioiia scientific organ!zations w'cre held in the Mu¬ 
seum auditorium and adjacent rooms^ and there were several formal 
receptions whiclrare notefl in the report of the assistant secretaiy, 

BUREAU OF .AMERICAN ETHNOLOGY. 

Ethnological rt^arrhes have been continued in accordance with 
law, among the American Indians and the natives of Hawaii* includ- 
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Trig thfs e:xcii^"alioji and preservation of arcli<soIagical rt‘.maiiis. Tho 
sjstemntic re^arches carri^ii on by eight etJmologistii of thii regular 
slalT and by specialists not officially conn^tcil with the bateau 
covertid a wide range of field work and office studied, which are 
described in such detail in the appendix by the etlmologLqt-in-charge, 
that T need here to review but briefly some of ilia most important 
activities of the y^?iir. For the preparation of a memoir on The 
Cultui^ Histoiy of the Aborigities of the Lesser Anti Ilea. Dr* Fewkee 
visited Trinidad. Barbados, St. Vincent, and other islands of the 
Weid Indies, where he made e.xtcnHive cxeiavntions of shelbhcaps, 
paiTicnlarly iu Trinidad and Sb Vincent, yielding very interesting 
collect ions of pottery and other objects, and t^arried on arcUeologic 
studies which proved to be espociully important hi throwing light 
on the inntmal culture of ihe former aborigines of the coast adjacent 
to SouiJi Amerieiu 

Studies were continued in the invoatigalion of Indian population, 
a research covering the whole period from the firsjt occupancy of tho 
Cf>untry by white people to the present time, and mcludmg the entire 
territory Vrom the Kin (jrande to the Arctic Ocean^ A monograph 
in preparation on this aubject includes chapters on notable epidemics, 
vital atafiatics., and race admixture, 

Fiiiiher iiiteresting studies were mudo in Kew Mexico in prepara¬ 
tion of a memoir on the philotiophy, anthropic worship and ritual, 
zoic woi^hip. social customs, material culture, and history of that 
interfsting and conservative Pueblo people known as the Tewa 
Indian;^. 

A large amount of additional uiaieritil was also obtained concern¬ 
ing the languages, uiyLhs, and legends of the Fox Indiann and other 
Algompiian triU's, and on the ceremonies and rituals of the Osage 
itnd Paw'nee Indians* 

Progress has been made in the preparation of the Handbook of 
American Indian I^ingnoges and the Handbook of American Arche¬ 
ology. There is al&o in preparation a Handbook of Aboriginal Re¬ 
mains East of the iii.ssLsijippL 

Some of the results of investigations condijcted by ilie burean in 
cooperation with the Sdiool of American Archeology arc described 
in three memoirs, now publislicd or ready for publicntiim, on Tiie 
Physiography of the Rio Grande Valley^ ?fevv Mexico, in Relation 
to Pueblo Cidture, The Ethnobotany of the Tewa Indians* and 
the Ethnozoology of the Tewa Indiana, and there is also in process 
of completion in this ronnection a manuscript entitled An Intro- 
duet iim lo the Study of the Maya IIieroghTiha.^^ 

The Handbook of xtjnerican Indiana, completed by the bureau 
a few years ago, has mcrensed the popular interest in our tiborigines 
to such an extent that the bureau is conadering the feasibility of 
i^uing a ^ries of treatises devoted to the Indians of the respective 
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and ns a licgiiming for Eiicti n series there is in prepnnitino n 
Handbook of tlio Indmns of CnHfoniin. 

Among the piibUcaficms Issued during tlie yenr nmy lie mentioned 
tho Twentv'eigljlli Annual Report; a reprint of the llnndhook of 
Amcrienn Indians North of Hfexico, ordered by resolution of Con* 
gress; u bulletin on Early Man in South America; portions of Part 
2 of tlie Handbook of American Indian Languages; and u biilletln on 
tThippewii jllasic. 

The scope of the work undertaken by the bureau is necessarily 
limiteil by the funds available^ Among investigations that are 
spceinlly desirable to extend may be mentioned the exploration and 
preservation of iintiqnities. including tlie clilT dwellings in the arid 
region; ethnological ns*enrchc3 in Alaska; the extension of ethnologi¬ 
cal investigations among I he Lifbcs of the ilisslislppi dniinage; and 
excavation and study of archef>logieul remains in the South and West. 

INTKKXATIONAL EXCHANGES. 

The work of the International Exchange Service shows a stemly 
gain from year to year. During the last 15 years tlie weight of 
matter handled has increased from 317,&SS pounds in 1898 to S93,S>Gt) 
pounds in 1913, and the total numtier of packages haa increased <liir- 
iiig that period fixnn 81A’08 in 1898 to 338,621 in 1913. As compared 
with tlio year 118)8, G6 per cent more pnckttg&s were handled in 1913 
and 678 more Ijoxcs were dispatched, hut by practicing various ecoii- 
oniics and improving methods the increased work has l>een itcconi- 
plished wilhoni nii increase in the annual uppropriaiion. 

In addition to the international exchange of puhlicatinus Ijetweeii 
Governments and Institutions of learnitig, tlie service lias from time 
to time been calls*] upon hy foreign Goremments and societies to se¬ 
cure information on particular subjects. To answer such iofjuiries 
has si>nietimes recjuircd much correspondence. Thus, in n recent in¬ 
stance, tlie mtnisier of public works and mines in a distant, country 
sought information Ltiriuigh the Department of State on laws and 
regulations with resiiect to the boring, mining, and storage of [petro¬ 
leum ill the Hnilftl States, u class of data whicli tW Smitlisonian In¬ 
stitution W'lis able to obtain onl}- by writing to the principal States 
rpneemed in ibnl industry* 

In order to simplify the shipment of exchanges to the Union of 
South Africa arrangcmeiiLi have been made whereby padiagcs are 
now sdiipped in bulk to the Goveniment Printing Works at l^retoria 
for diatrilmtion instead of being sent to miscellaneous addresses In 
the various priivinces of the Union, This method will effect a saving 
to the Institution in freight charges and improve the service with 
South Africa. A similar method would be very adiniitageous with 
the ConunonweaUh of Auslmlia and is now under consideration by 
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the AttstraiiaiL House of KBprcsentatives and the chairman of the 
library cnnimitret' of tliat country. 

In Egypt there has been organiated the Government publications 
department at Cairo, to v,-liic]i conBignmenta for dUtribotion there 
are now being forwarded. In Mesico a service of eschanges lias been 
r^tabUsLied in the department of public works. 

Full sets or partial seta of United States official dociimenUi are now 
scut to 1343 foreign depositories, the Province of Bombay, the Cor- 
porntion of G)afgi>w, Finland, Britisli Qniana, liie Free City of 
Liibecbj aiul the Province of IMatiius having been added to tlie list, 
during the year. Tlicre has also been carried on since 11309, through 
the Exchange Scrwice, an interparliamentary eicbange of official 
Jouniuls with legislativo chambers iigreeing thereto, lOO copies of 
the daily hsiie of tlic Congressional lleconl being provided for that 
purpose. Thirty-two countries have so far agreed to this e^cebange 
of their official joumale. 

NATIONAL ZOOLOGICAL PARK, 

The National Zoological Park was cstahlislied by act of Congress 
in 18130 for I he iidvanfwment of science and tlie instruction nnil 
recreation of the people.” It was the outgron^h of a small collec¬ 
tion of living animals which for several years had Iteen nssemhlcd 
in low sheds and sjuall paddocks adjacent to the Smithsonian build¬ 
ing, w'liere they were kept primiirily for sciciitlfie study, though they 
were likewise a constant source of interest to tho jiublic. Tlvere was 
at once a rapid incitase in the sistc of this collection when the ani¬ 
mals weiv' rcmovwl to tlic spacious grounds pt^tvided for them in the 
beautiful Rock Creek Valley, and it is evident from its increasing 
popularity during the last 23 years that the establishment of this 
great zoological park has been regardetl as a wise investment of 
public funds, 

Tl™ poiiular interest in the park has continued to be very great. 
Gii Sundays and holidays the walks and buildings are crowded. 
During the post year the number of visitors was fi33,52«, and the 
daily av’erage in the month of March] 1013. was 3,900. One hundred 
and forty-two clnsses, schools, etCj nimihering 5,579 pupils, visited 
the park'during the year with the definite purpose of studying the 
a nimalH. 

Tile interests nf science have also been primary objects of atten¬ 
tion in the ndministration of the park, A number of specica of 
American animaU wliicli were rapidly becoming extinct are here pre¬ 
served in appropriate tiaftirul surroundiJigs, In a recent report I 
called attention to a much neede*! ijuprovement that should be made 
in the erection and equipment of a klwrutory and hospital in Liie park 
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whereby the welffirc of tlie imimnliii could lie more thoroui^bty 
(^artled^ and where investigations of a zoological nature couM 
prosecuted for the increase of practical and jacientific knowledge. 

The number of animals of all kinds in the pnrk collections on 
June imSj was li4tJ3, rcprc^nling 154 species of jnatimial^j *202 
apecica of birds, and SI ajieciea of reptiles, wbicli are enumemtefl in 
detail on another page in the report of the suporintendent. The im¬ 
portant 4idditions duiTng tlie year ineludcd n pair of young African 
dephantSj three dromedaries* a jjair of cheetaiis* several species of 
gasAdlc-s, and other animab fmm tlie Government Zoological Garden 
lit Giza, Egj'pt j 7 ostridies from southern Califoniia; find S moose, 
II male and a female, from die Rocky Mountains Xational I’urk in 
.Uberta, 

Among the improvements completed in the park during lUe year 
was nn outdoor parrot cage coiistnicted through the generosity of 
ilr, John B. Ilendemti, jr., one of the regents of the Institution. An 
iuclosure was also built for the ostriches recently'' received aiid one 
ff>r the wood ducks and related sjiccies. Mention should be made 
of tbe erection of a atone building, ^4 by 40 feet* et|uipped for tbe 
cooking of food for the animals by biiliug or bakliig* and also for 
cold storage. The building is abundantly lighted und tUorougiily 
sanitaiy^^ and is u great improveoicnt over Iby imidiKjuate quartern 
lierctoforc iisetl for food preparation. 

An approprialiuu of fiJOjOOO was included in the siindfy civil act 
for iyi3 for the cc^nstructiou of a stone-faced or bowlder bridge 
across Rock Ci^ek to replace the lug bridge erected in 1S'.1G on tlic 
line of ibc roadway from Adams Mill Road. A eontroct for the 
construilLon of the new bridge was entered into on ilay is)^ mia 
and work was begun soon after the close of the fiscal venr. The 
bridge will be SO feet in span and about 40 feet wide. It will be built 
of reciiforced concrete faced with rough blocks of the blue gnebs 
found in this ir^gioii* the stone for the concrete being obtained in the 
park. 

Ill tlie sundry civil net for the fiscal year 1014 provisioa ia made for 
the pureliasi; of about lOJ acres of land to extend the west Iwundnrv 
of tins park to Connecticut Arenuc- The nc([ubitian of this land has 
been urged foraeveml years as a mueb-needed addition to the area of 
the Zoological Park. 

TIIK ASTKOPIlYtSIGAL OBSERV’-ATOHY. 

The Astrophysical Obsenatory continiierj during the past year 
Ihu important investigations Ijegnn during the administration of tlio 
late Secretary L:ingley to determine the solar constant of radiation 
and tlie variability of tlie sun* In his account of the operations of 
the observatoty on another page of ibis report Director Abbot dis^ 
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ciis>i?s Lhe rcsiiU^ of t^searrhes up to the present time and con¬ 
clude tlmt die observations ii\ Osssour^ Algeria^ taken in connection 
with those nnnk simultaneously-at Mount Wilson, CaL, have estab¬ 
lished the variabilitj^ of the sun. He condudea also that a variability 
connected ‘svjth the sun-spnt cycle ban been diown- 

Ol^secvatioiis were also made to ddermino the effects of volcanic 
eruptions on climate. Soon after the eniplion of ^[ount Katmnh 
^Uaska, in Jimc^ 101*2, Uie presence of dii^t in the upper air from this 
volcano was indicated both in Califocnia anti in Algeria* and in 
Augiist the direct radiation of the sun was found to be reduced nbont 
20 per cent by the intevpo^tiion of the dust cIoikL Mr* Abboi and 
Mn Fowle dli^cu-ss tbe results of their observations and the general 
subject of “ Yolcanoftj and Cliiiiote’^ in ii pa[>er in the Smithsonian 
Miseelltinuoiis Collections. They conclude that a combination of 
the effects «f ffiin wpots and volcanic haze accounts for all the prin¬ 
cipal irregtilarhii^ in the temperattire of the earth for tlie last 30 
years. 

In connection with observaiions on nocturna! nidiation it l>ccame 
necessary to determine tlie tempenitiife and humidity prevailing 
above certain sladons. This was accomplished with the ri>i>[?erH,tloii 
of the United States liVeatLer Bureau througii the use of sounding 
ballcKmis and captive balloons tarrying to high altitudes self-record¬ 
ing apparatus for measuring the temperature^ pr^?ure, and 
humidity of the air* 

There was completed during the year volume III of the Annals 
of tlie Ai^troplijrsical Observatorvj recording the work accomplished 
from 1R07 to 1013* 

INTERNATIOXAL CATAr/IGUE OF SCIENTIFIC 
UTERATlTtE. 

Thera is adiiiinJHtereii by the Smithsonian Institution through a 
small annual appropriation by Congresiri, the United States Bureau 
of the International Catalogue of Scientific literature* This is 
one of the 33 regional biin'auH whose function it is to collect, iiules!, 
Olid eloMiify all scientific publications of the year in each country and 
to send the claKsified references to the i-entral hurcan in Lontlon* 
whens since tS?01, they have been collated and piihHshcd in a ?jeric$i 
of 17 annual volumes which form an inde^ to current hcientlSe 
literature. 

The catalogue is not of a commercial character* hut by economical 
methoik of administmtioij, and partly throngh the revenue obtaineil 
from sul)wription-« to the series of volumes, it Is hoped that the 
emcrpri!?? will bo self-aipporting with the exeepriou of the genen±r 
expenses of the regional bureaus in gathering the data. 

44S^K3"—hu Him-3 
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The UniWfl StntiJs hntTrtn s«nt te the centml bureau (hiring the 
past year canbi, nmkinfj a total of cards focTirartiiei.l 

from ihiB (XJimtry sinre the work wa?s begun in IPOI* Tlie total nimi* 
hiw of classified citations rcceiveil at tlie central bureau in Londoii 
from 1001 to 1913 was about ^,500,000. 

Although the congres^donai approprintioa for the bureau is in¬ 
tended primarily for maintaining a piirely scientific Lntematinnai 
enterprise, yet. witlimit added e.\pejfu^ the bureau is of value to the 
public as a source of general infommtion on tniinj scientific subjects. 
The ^inithsoaian InMitiitioii is in constant receipt of riKiuests for in¬ 
formation on. n very great variety of topics, and Since it is the pur- 
ixisc of tlic Intern ft tion id Catalogue to collect [in<l dnKjdfy the pub- 
lid icd results of scientific investigation many of the&e iiu[|[dries am 
referred for reply to this bureau. 

NECROL(.>GY, 

JAHICK SGUOOlA^fEAFT iSn ERIilAXi 

At the annual fnreling of the Regents on Dccemfjer 13, 1912, tho 
following resolutions were adopted to the memory of Vice President 
Sherman: 

\Vfee™f: tho Beard of Ite^^ain of tM SniltbsDotiin laMItatloa have rcceiTorl tUe 

mil intcHlEeiKi? of ilie lieatli on OctolKTr 30, 101^, of Jmiiea Hrln^lcnift sher^ 

Huitii. VSee Pn^SdEit of the UulltHl Jitales juid ChJuiceUor of the 

Uien*foi^p hv- it 

Tlittt in the Htmy of ihln dlJr^tlnfftiifllied nmclni the coaaTty 

haa \mt a nmn whow uDfuiUliHl poliUc career aii4 b]amol(?aB prlrnto life niEtrbcd 
hEni IIS oao of the be&t oxomclAm of the bJ^eel of .inicrlejm iTntrfoLlaiu 
iind dtliWheWti; whUe this liiHUttiMEm h&s b«^i UeiirKcMl of thv aaHocLntioD of a 
Rpmit lind ffresiUlStiR officer wBor? liiraltj t* Ita nntl xeal la it^ latore^ta 

Juiiie lieea an InEtjilmtlou to hla colleaEnc!! 

That we lender w Uie fjimUj of 11 r. Sheramti ner ivsroclfiil and 
H^mpiithr In their irreait hcrenvemoot^ 

fft'joZrmf, TtiEit an oagrroaaed eopj uf thtisse reaolnUoniE be imnnELiIttc^l to the 
faniUy of the litle ehnncellor. 

Jamen Schf>oIcnift Sherman, LL*D., bom in Utica, N, V.^ October 
24, 1855, became a Repnt of the Smitbionian Institution upon taking 
the o«t!i of ofliw as Vice Ftiesideiit of the United States on Mareh 4, 
inOfl, and WHS dectetl Chmiccllor of the Institution on Dwciuber B, 
1910. H5 successor to Chancellor Melville Wesfna Fuller, Chief Justice 
of the United States, who died July 4,1910, Mr. Sherman received 
the degiee of LUB. from HaniiUon College in 1&78 and LL.D in 
im He was admitted to the bar in ISSO and practiced his profes* 
Sion at Utica; was mayor of Utica, 1884-^5; Member of Conffress 
leSi to 1801 and 1S(KJ to 1909, and was elected Vice President Xovem- 
her J 1PM. He had been trustee of Hamilton College sinw i905 
and held important positions of trust in his native city. ’ 
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JfOHX BECNDKS Ht:XDER90X. 

At s sp^ciEl m<!ciing of tlw E^g^nti on May 1D13, b resolution 
wus adopted in mwuory of tlie Hon. John B. Henderson^ who serred 
as a Eegtni from Jmiuaiy SO, 1892^ to March ly l9^1ty when he felt 
obliged to retire from active duties on aeeount of failing health. Hb 
fiound judguicut and wise counsel as chairman of the executive com- 
mlttee and m member of the permanent c^onmittee had been of great 
assistance to the board ihroughoiit his long term of service, Mr. 

’ Hender?oii was bom near DajivUIe^ Va.. on Xovember 25^ 1820, and 
! died at Takoma Park, District of Columbia, on April 12, 1013. He 
was Unitiid States SenA^or from Missouri from 1862* to 1800, and 
I filled many other honorable positiems during earlier and later periods 
1 of his life. He had been a r^ident of Washington City since ISM, 
Beapoctfully submitted. 

Chasles D. WAiiarrr, Seminary, 






AppE?n)ix I. 

RErORT ()N THE UNITED STATES NATIONAL OTHEITW. 

Sia: I liavu the iioimr td siibrnU the following rfpott on tlw openi- 
tions of the United States NutioTiftl Museum for the fisctil j'ear ending 
June 30, 1913; 

ntPOUTAXT MATTKRS (tV TWK YE.\J|. 

AUhough man; important matters developed, as uiiual, in coo- 
ncctiaii with the operatioiiii of the Museum during last vear. those 
of ehief general interest related to the exhibition colleeiions in the 
new building and to the progress of work in the depurUnent of arts 
and induiitries, jVs explained in the last report^ only the first and 
second stories of the new building., with an aggregate floor area of 
sqtiarG feet, are Ixsing utilized at present for the pernuinent 
installattons, which, with a single cxeeplion, relate wholly to natural 
history. The last of this space was opened to the public during 
April, 1913, hut to a certain extent the e.xhibits aliU remain incom¬ 
plete and the arrangemenls prorisjonaU The plan of lln^ee wings 
particularly adapts this building to the three departments of anthro¬ 
pology, hiologj*, and goologj', representing the arganixation of the 
natural histon' collections, each of which has been allotted an entire 
wing for its exhibition series, the overflow from each being continued 
into the adjacent ranges. 

Of the several branches which are administered in the department 
of anthropology, three have been establishiHl in the new building as 
cotuititilting what Is now commonly recognused in nuiseum do^isifica- 
tion Its one of the great divTsioiLS of natural history. They are 
phv'sical nnthrapology, ethnology^ and archeology. Physical anthro- 
pologj’ is not yet represented in the public halls, though an importAut 
tnslallniion of a technical character bus been provided in the Labora¬ 
tory. Each of the other subjects, however, has Iwen extensively illus- 
trated on H popular though none the less instructive bisis, to" which 
purpose ^ total ll<ior area of 65,041 square feet has been aligned. 
Ethnolc^' occupies the entire available space allotted to the depart¬ 
ment in the first storj'. iianieiy, the nod hern section of both ranges, 
flud all parts of the north wing suirounding the picture giillcry| 
which is temporary in its location here. The total area covered k 
35.4T4 square feet. The arrangement is geographical, and the ex- 
30 
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hibltfi fiiul their key in family groups placet! tenlntHy U the halls. 
Tbt* ccjllpctioi:is lire ilisplrtyeil iii tbe sjciwiul tlu 

Olil Worlil series, lioth liistoric mul prehistoric, occupying lhe^ea.-ici*o 
aide unf] northoni eml of tbe witig to the extent of about 7d>27 stjuDfe 
feet, and tlic i'ew \>"orld series the eastern side of the uring and 
the entire east nmge. irith ji floor area of 2i.M0 square feet. The 
exliibition of Xorth American anTlieolog>' is cspcrially full md 
importnnt. 

Tli« riflssifieaiioii of the biological exhibits, at present rffitrictecl 
to stoology, cioinprises five prlticipal and sevcnil minor subdirisions, 
of which the most extensive consists of a foruprebcuaive representa¬ 
tion of ull the main gitmps of animals, each arranged fannaUv. 
Next follow n systemetic scries, a scries illustrating companitive 
anatomy and osteology which is practically subsidiary to it, a aeries 
of donifettic anituali!, and a faunal senes for tlm District of Columbia. 
These are supplemented by u numljer of apecial exhibits illustrating 
interesting phases in zoology and noteworthy features of tlie collec¬ 
tion The entire amount of space assigned to the department is 
t>4,3DS square feet, of which the fa unally arranged exliibit utiliri'S 
41,0r>S sipiarc feet. The mammals in th’ia collection occupy the lii^t 
floor of the west wing, with the exception of a small area in ivluch 
the series of birds begins, the latter extending thence through the 
Western section of the west range: while the reptiles, laitracliian?, 
fishes, and invertebrates are iiisIbIIihI in the second story of tlie wing. 
On the iiortUeni side of the wing is the ooUwtlon of com[>arutiii'o 
ami tom V and osteology, followed successively in the west range lij 
the systematic series, tlie domestic animals, and the fuiinnl cxliibit 
of the District of Cohimbia, the special exhibits being provided for 
in ulcoves on the court side of the range. , 

The geological exhibits are dassified under four subjects, namely, 
svstematic or physical and chemical geology, applied geology, min’ 
twalogy and paleontology. Besides the east wing, of which they have 
entire Msses-^ion. thev occupy only the eaeiern section of the adjoin- 
ing ramm in thn first story, the combined area amounting to 
square feet. Systematic geologj' \s displayed in tlie ran^, while 
applied geology, inolitding the most complete senes of building and 
ornamental stones in the country, and mineralogy, with the begin- 
ninmi of an excellent rcproscntaliou of gems und precious stones, 
are accommodated in the second story of the wing. In tlic ower 
story, which is wholly devoted to paleontology, the fossil vertebrates, 
with manv skillfully prepared remains of extinct animals and severa 
large and striking skeletons, occupy the large sky lighted haU ami 
ca.‘,tcfn end of the wing, the fossil invertebrates the southern side of 
the wing, and the fossil plants the northern aide. 



SS AXJSTTAL ItFPORT SiltTlISDNlAX IXRTTTIJTION, 

liL the miflUer of reorganLssiog the several inchiiJtrial eojlections 
Tvhirh were long ago displaced throiigh the ctvercmwiling of the 
oitler buildings in which they mu now being reurmiiged^ excellent 
progress was mnde despite the limited tneaiis ovjillabl& The diWBioii 
of mineral technology, which had been nominally reeogniiicd for 
soTeral years and for which a large amount of valuable innterial 
has lieen held in storage, was actively establislied. but not until late 
in the year. In tbe divisdon of textiles, in which the work was 
started over a year earliern, tlw? results accomplished Iiave been suffi¬ 
cient tf» very materhiHy attract public notice. The oUl collectioji^ 
including also certain animal and vegetable pnxliiots, was firs! un¬ 
packed, anti, although much of it had so greatly deteriorated ns to 
l>e rendered oselese^ tliere tumained an exiullent nucleins to build 
upon, the material being chiefly semiceable for its bearing on the 
hh?tory and development of the subjects represented, ft was exten- 
aively drawn upon in preparing a prelbnlnjiry exhibition ^ries, 
wbirli, was practically completed before tho clofse of tbe fist'al year 
I9l± During last year there was marked activity in the ccijiiisuioel 
of new mnterialt in tho extensicui, of the exhibitiou collec'tions, and 
in the genei'id w'ork of tlie division. Many of the leading monii- 
fartuners wen? ailvi^ed with, and Iheir rordial approval of the plans? 
and the ^ubgtantJal support they hove already given the Must^ino 
iiisiires beyond question the building up of a thoroughly practiral 
represcuitattofi of the textile and alHed industries. Tbe accessions of 
the year covered a wide range of matcnals atid maiitifaeture, and 
ineluded raw' materials^ intermediate stages, and fiiiislietl produces, 
os well as illustrations of various processes. They were almost 
wholly from American sources, among tlm CXi?eplions being an in- 
^ructivo exhibit of the woolen industry of Bradfortl, England, and 
rjiother of native Filipino Imn die raft in the making of mats, bafjkeis, 
hats, fabrics^ and other useful urliclesL Tii lines utlicr than textiles 
the additions related nminly to the utilization of rubber* and incliidtHl 
many testimonials to Cluwltfs Goodyear, whose name m indi^lubly 
connected with the origin and early advoiieduienl of tliLj impurtsiiit 
industry. The installation of textiles kept pace wdlh the receipt of 
materials, and by the close of the year a very iiotahle and attractive 
I'xhibition iiad been a.ssemliled^ mainly in tlie south hall of the older 
building. 

COLI.ErTTlOXS. 

The total number of H[>e!cimens ooqnlred during the year was np. 
pnixiinEilely S02,ia^2, of which 2«,0yy pertained tu the several sub¬ 
jects etweretj by tlm department of authrotxjlog}'; were 

zoological, 140,015 t>otatiiwil, geological, and 14^110 pal^nto- 
logiciil; while 12 were paintings for tbe Satiunal Gidlor^' of XrU and 
l,ai2 were tcslileFi and iLseftil plant prodiuts for the depuKinenl of 
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arts und industries. Sevenil impoiliitit loun-s fnr esUibition, rorialst- 
nmiaJy of hUlorit'iil uiid eilmtilogieii! itbjecLs sjid psiatingt^i were 
iiLso reetivcsL 

Tlic in-lditioiis ill ctlinology on mu mu inly from tlie rliilippine 
Isknds imd otUer parts of the Fur Kast, from rju'agiiuy and Dutch 
Giiiiiiiaf uiui friJiiJ the iiiiildle njul western Unitetl ^ttates. Jluiue, 
IViiiisylvanifl, MsirylaiKl, Virgmin, and Koutiieky were chieiiy rep* 
rissented in the wntribiit ions to prehistoric arelienlogjv while Egyp- 
tiuii and Grccu*Iiuman antiquities nn<l small lots of uiateriuls from 
rarious European luenlities eoiupoied tlie principal ucqiii sit ions in 
liistoric nroliGology. The division of physit'al nnthretxdogy' reeei^tLl 
vuluabic iict.iJS 3 ioiis, iiminly of skeletal remains, from many sounies, 
the most noteworthy consisting of a large collection mnde by the 
curator in ilongolia. In the division of mecUanlenI technology the 
nimtt extonsivo additions were to the section of tireanus and other 
wen pons, and iiidndcd several early and rare pieces; while in tiie 
division of graphic arts tliey were illustrative of recent loethotis uf 
pictorial rep coil uction. Most prominently to be noted iti coimecuoii 
with the division of history was the gift, by ilr. Ehen Appleton of 
“"The .^tar Spangled Batmer,” which hud been exhibited as a loun 
s.inee HK)7. l^his witness of the gallant defen-se of I'ort JfcHcnry 
during its unsuccessful Ijonjljardment by the Britisli flw^t on l^ep- 
tember 13 and M, 1S14. immortalized by the stirring verses of Krancis 
Scott Key, haw bren accorded ii conspicuoiis place of honor in tlie 
[iriiimpal luill "f history. Among other notable aeqiiisitioTi-s were 
menioriiib of the Washburn family and of Generals U. S. Grant nm] 
I'rederick D. Grant; a hrouiie cannon, witli its wooden carriage, 
brought to Aiiicricu by General IjifayetlC atul used in the Revolution; 
over 31,000 pocitagu stamps and postal cards, adclwl to the large C(jI1cc- 
tion from the Post f)fEce Department; the mpiiiorial gold 

medul issued by the Carnegie Hem Fund Coinmbsjon: and, as a 
loan, the collection of liistorical .chinti assembled by the late Hear 
Admiral F. W. Dickins, United States Navy, consisting of about r>00 
pieces, and including a large niiiTiber of fine examples of [jresidential 
chinu from the administratioii of "Washington to that of Benjamm 

Harrison. ^ ^ . 

For some of its moat important acquisitions the departnieut of 
biology wns imlebted to several cxpediiions to distant regions, con¬ 
ducted at pri rate es pense. Tl le most cslemsi ve of th ese, il ndcH aken by 
Mr. Childs Frick, who was accompanied by Dr. E. ^^pacns, United 
States Army (retired), and others, visited Abyssirda and British 
East Africa, ontl was absent from January to September, 1912. 
The birtlii obtained, numlwring over 5,000, have been deposited in 
the ifuiiGum. On a hunting trip to the region of the Altai iloiin- 
laiii'^, in Asia, Dr. Theodore Lpuan, of Harvard Uuivcndty, with 
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Ihc H^istancL' tif Mr. X. [liiULstor. nf tiio Mufi?uin i-tiiiT, iiiHiiretl iibiiut 
1150 sp(M;lm<!nA of mtimmuls ami bmls, ^hich bnvt bven shaml 1)F’ 
twcon tbi! ilutiouni of CompansUv'e Zoologj' and the Nntiooul Mu* 
CFUJi). Dr. M'. L. Abbott, \vbu (.tintiuuerl Uts cnllectini; work in 
Kualiiiiir, nltio inaintaiutJ a HDturalbst iti Borneo In exLelul tbe Jield 
work which he lind so effectively carried on for several years. From 
the former region a large number of small mamitmls tvere received 
during the year, nticl from the latter many specimens of mommala, 
birds, and reptiles. Mr. Arthur de C. Sovi'erby Iransmitted mam- 
iiiaU and reptiles from Cliinat Mr. D, D, Streeter, j’r., collected 
tnamtnals and reptiles in Borneo; Mr. (Jeorge Mister visited Lake 
Baikiil, Siberia, and its vicinity, sectiritig speclmenB of tbe native 
bear, of the seal freciilljir to the lake, ond of ii number of >i]iiii11 
mammals; and Mr, Copley ^kmoi-y, Jr., joining a Ckniflt Survey [jarty 
in Alaska, obtttineil many maminals, indudii^g several cdtILou and 
an interesting series of bones of fossil species: Mr, A. C. Sent In 
I be cuum* of investigations in XflwfotnidtBnd and Labrador made 
<‘ollectioii.s of birds, and Dr. Paul Bartscb and I>i*. T. Way land 
Vaiighaii, as guests on the Carnegie steamer Aut&n Dohni, colii-cted 
marine invertebrates among tbe Florida Keys, ns did also Mr. Jolm 
U. Henderson, jr., by meaus of drctlgings from bis yacht Eolt^, Mr. 
Paul G, RtisscU, of the division of plants, who accompanied an cx- 
f^edition of Uke Carnegie Institution to tins West Indies, secured f<ir 
the Museum several tboiLsand Ixstanicnl specimens. 

Tlie division mnnuanls vvas fortimute in obtaining nit cxmi)- 
tionally fine moimtcil specimen and skeleton of tbe rare okapi from 
I be Kongo region of Africa. Tbe principal accessions of filches and 
marine invertebrates were from explorations by the Bureim of Fisli- 
cries m various parts of tbe Pacific Ocean, consisting mainly of col- 
lections that had been studied and descrilied. Among fishes were 
tbe tytas of 110 new species, while the marine invertebrates included 
extensive series of cnistaceana and celunoderms, besides ascidians 
and plankton material from tbe Atlantic coast, ilollusks were re¬ 
ceived from various localities in Nortli .\nierLca and from the lia- 
liama IslancLs, VenezueJn, South Australis, and tlie Dutch East 
Indies. Of insects over 117,000 sperimena were actjuired, including 
15J»0 forest insects fmm West Virginia, valuable material from 
Indis and Great Britain, and about 10,000 well-prepared Ijeetlts 
from the District of Columbia, which an? intended to be usajtl in 
connceiion with the exhibition series of the local fauna. Tire division 
of plants was enriched to the extent of 140,000 specimens. The prin¬ 
cipal addition consisted of some SO,000 specimens of grasses, trons- 
ferred by the Department of Agriculture, which, with 13,800 stieci- 
mons purchascil during ibo year and the material previously in the 
herbarium, pkees the Museiun in possession of (he largest and most 
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etunprshcnsive coUvction nf grasses m this coiiutiy. Other impor' 
tarit iicct'sssioiis wen? tho IVijotott collection of 10,000 plants mostlv 
froju Xew IfcJCico. about 10,000 West Iiidiitn plants, a vaTntible series 
from Uritiiib Cruianii. and iho C. Henry Kuiri collectinn of iliatotns, 
one of tlie OiicKt in the worldj and supposed to bu the largest in Uie 
United States. 

The more imporlatit additions to the department of genlogj' were 
illustrative of publisbed results of investigations by tlie (iwloglcftl 
SiirveiF, t'onipritiing iwlfs, ores, and ruinerals from some nf the 
Western StateS;, and fossils from the middle Derotiian of New 
York, the early Devotnun and Silurian of Jfaine, and the Ordovician 
(d Tenuessee, Other iiotewprlliy collections of fossil invertebrates 
received were from the Silurian and Devonian of the Detroit Hiver 
region, the Silurian of Ohio, and the Tertiary of the Panama Cumd 
Zcpne, while of vertebrate remains the accessions included a large 
serk*?! of mttmmaL+ from the Fort Union Ijeda of ilontana, many 
genera and species from rccenlly uncovered PleLjtocenc cM’e ilepciaits 
in IFaryland, and a small but interestiug series of bones frem the 
Ynlmii territory containing the first evidence of the former extension 
of the range of the camel on this continent beyond the Arctic Circle. 
The Geological Survey iransiuitted n large collection of Cretaceous 
and Tertiary plants frttm Colorado and New ^[cxico, containing 271 
type ami illustrated specimens. Large collections of Cambrian fos¬ 
sils were made by Secretary Walcott in Brilisb Columbiu aud Alberta 
in connection with his geological work in tlie Canadian Rockies, 

XATlO.N.'tl. OAUJ3RY OF .\RT. 

The periiiunent additions to the Gallery consisted of H paintinge, 
10 of whii'Ii w’ere gifts and 2 bequests. Of tbe former, 7 were re¬ 
ceived from Mr, Williani T. Evans aa contributions to his notable 
collection of the work of contemporary American painters and are 
oa follows: “The Sfeadow Brook,by Charles Paul Griippc| ”The 
Mourning Binve,” by Edwin W. Deming; “The Fur MiifT," by 
Eobert David Gauley; “Water Lilies,’' by Walter .Shirlaw; “ Gtodic 
Creek Canyon, South Dakota,'* by Frank De Haven; and “Christ 
before Pilate " and “ Suffer the Littlo Children to Come finto Me,'* 
bv Otto W. Beck, the last two being pastels. The other gifts were 
“ Twilight after Rain," by Norwood H. MacOilvary, presented by 
Mr, Frederie F, Sherman In memory of Eloise Lee Sherman; “ Tbe 
Wreck." bv Harrington Fitzgerald, donated by the artist; and “ Tlie 
Ijtce Maker," after Terburg, contributed by JIIss.Tidia IT. Chadwick. 
The bequests consisted of the “ Tomb of * Mahomet the Gentleman ' 
at Brou-ssa," by ITaindy Bey, from Mrs. Elizabeth C. Holjson; and a 
portrait from tlie widow of the late Col, .\lbert B, Brackett, Did tod 
StaieM Army, by G. P. A. Heoly. The additions to the loan collco- 
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tion TOi 3 ipris€d IS pninlmgs uiid 2 miirble seiilptuties recdved fmni 
12 friends of the (inlleiy, 

XRT TKS'rrLES, 

The lace eshibit now embraujs a fairly connected scries both in 
respect to tbe varieties of laces and the development of tbe industry, 
and it also contains some ijnportant examples wLich from their 
quality and rarity form striking museum pieces. Though smaller 
and less conspicuous in tlie matter of display material than some 
<.4hei:s, it ranks high among the museum colleciions of the country. 
Thu work during the year was mainly in tlio direction of securing 
a more systemattc arrangemeut of the collection and of more fully 
labeling both speciiaeu-H iind cases. The collection at present consIsU 
chiefly of loans, which have increased In number from year to year, 
with the expectation of soon making the collectiou more periiiancntla 
character. 

MlSCEUJtXEOrS. 

Duplicate specimens to the number of about 7,300 were distributed 
to schools and colleges for teaching porpoises, tlie subjects repneseiited 
being mainly dslies, insects, niarme invertebrates, roek.^ ores, imu' 
ernb, mid foasils^ Some l,ri00 pounds of material suitable for blow¬ 
pipe and assay work by students was also sbnilarly ilisposed of. 
Over 21,000 duplicates were used in making exebanges, about So 
per cent of this number being plants. Two hundred and six lots of 
.specimens were sent to specialists for working up both on Ix'half 
of the Museum and in the intere.st of the advaneement of researehea 
by other institutions. They comprised over 12,700 individual speci¬ 
mens, besides several hundred packages of um&iorttid iimterial, 
principally of anlmtihi, plants, and fasslls. 

The aggregate number of visitotB to tlie new budding on week 
days during the year was 361,636, a daily average of #i3fl, and on 
Sundays 58,170, a daily average of 1,118. The attendance at the 
older Museum budding was 173,658, and at the Smithsonian budd¬ 
ing 142,420, these figures representing a daily average of 555 for 
the former and of 455 for the latter. During inaugural week in 
March, ID13, the daily average for the new building was lurreased 
to 5,325 persons, the largest attendance for any single day having 
been 13,236 on March 5, 

The publicaiiojijj consisted of Bulletins 76 and 81 and volumes 42 
and 43 of the Pro«edingB, besidea 105 papers issued in separate 
form, of which tW belonged to the eeries of Proceedings and 9 to the 
Conlribiitions from the National Herbarium. Thirty-five papers on 
Museum subjects, mainly deacriplivc of new additions to the collec¬ 
tions, were abio published m the Sraithsonlftn Miscellaneous Collec¬ 
tions. The n^lwr of copies of Museum publications distributed, 
including earlier issues as well as those of the veer, was about 71.600,' 
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Tlie fturtiifilimK of tho library qiiarlei-s in ibe iieir buiUmg was 
completod t'lirly in iht autimiiv of and tlie transfer of t!it books 
and ejnipment intended to bo kept there was soon afierwards amnn- 
plislitd. While designed priiTiiirily to aa'omifiodate the natural 
history HJitl aiitliropological publications, which com prise the major 
part of the collection, this has 'also been constituted the main ^ 
central library, where most of the general works of reference will be 
placed and where all publications will be received and catalogued. 
Tlie librarv in the older building will hereafter l» mainly restricted 
to the subjects of historv and the arts and industries. The Boeeasions 
of tlw year consisted of 1,1*90 books, pamphlets, and ISS parts 
of VOtlimes, whiclv increased the total contents nf the library to 
43, volumes and 73,042 unbound pa[>ers of all kinds. 

Tlie facilities afforded by the new building for meetings and other 
functionif were frequently availed of. The auditorium and rominiltM 
rooms were used for the regular meetings of the Antiiropologioi 
Society of Washington, the Washington Society of the Fine Arts, und 
the .Spanish*American Athenciini. and fiir a course of icctiu'es under 
the Xaval War College Estensiom The annual meeting and semicen* 
tennial anniveiiiiiry of the Xatiomil .4.eadeiny of ^iences were belt 
in April. Of congresses and other assemblages whirJi were aeeommo- 
daied wholly or in part in the building were the Fifteen lb In tenia- 
tionnl Congr^ on Tlygietic and Demography; the Ninth Tnennifll 
Congress of Ainoricmi Physicians and Surgeons; a joint meet mg of 
the American Plulologieai .Vssocimiou, the Archaeological Institute 
of Anicricu, and tbe Society of Biblical Literature and E.wgcsis, a 
meeting of tlie American Farm-Maiiagemeut As^iation; the Twen¬ 
tieth jVnnual Convention uf tlie In ter national Iviudergarleii Lui^, 
und B meeting of the General Federation *jf Womens Clubs, the 
Department of Agriculture had the use of the aiulitoriuiu for annual 
conferences on farm management and meat inspection. I^ides simi¬ 
lar functions in roiinection with two of tiie above meetings, recep¬ 
tions were given by the Begenta and Secretary to the meml^ra m 
attendance at the Eighth International Congress of Applied Chem¬ 
istry and the Sixth International Congress for Testing Materials, 
and to the Daughtera of the .American Revolution. On the evening 
of March a Mr. James Wilson, late Secretary of Agricidture, was 
tendered a reception by the employees of tiie Department of .Vgn- 
culLurt^ 

HtstHictfuUy submitted. 

' KlOllARU KAiniilFN, 

Secretary in Uhtirtfe, U, S. Mtueum. 

Dr. CHAOLI^S D. WAt,t50TT, 

Secretary/ af thi- JimtitutiOnt 

Noveubeu 13, 1913. 


Appexdfx 2. 

REPOIiT ON TIIE BUREAU OF AMERICAN ETILXOUM.iY. 

Sue: I kive the honor to sulsmit the fullowitig report of the oporn- 
tions of the Bureau of -^erkan Eihuologj^ dm-ijig the fiscal year 
eiulctl June 30, 1013, which have been condnoted by autharlty of the 
act of Coiigrci^ approved August 24^ 1913, makiiig appropriations for 
ttuudrj' civil espeiiBes of the Government, and in accordance with a 
plan nf i^petations approved by the Secretary of tlic Sinithsoniiin 
Inj^itntion^ The act referred to contaias the fullowjtig provision: 

AanTlcflii clluiclQio'= conUnalajS: otliai^Jofrlca] re^otrlu*^ amau^ Ui* 
Aiiherlanj InOEnsui uaA Oil? abtlvcs of HawaSU lucluOlnp Ua> L'Scftvatltui aaa 
prcfli'rvatica of arciiccalfi^Ec Tcmnlati, nntlur ili^ {llreiHan yf t|iv ^laEtlisoalaa 
liutlitiitoa. IncIfidlEiif RaUirlnL +jr cDnij^L-asaitfia yf all i^^^iswiry t^aaployoca and 
Uic of is«nf«atir>' bo^ks niiil lacliaUnij r^JijTacat iu 

tot ff[i!i«4:rlrtloua. 

The systematic researches were condqetm] hy the regular stuff of 
Urn bureau, consisting of sevun uthnologjsfe, niid by otht>i- siwciiilitts 
not directly canncirted with the bureau. These operetiunB nuiy bo 
SDniniai'JKed os follows: 

.VSr. F. W. Hodge, cthnologist-in-gharge, was occupied alnioat ett- 
tirely during the ytur with Rdmlaistratico effiilra iiertjiitiiiig to Lha 
bureau’s actlviriw:, tie wus iiblo to devote some tinjc ti* the prepara¬ 
tion of die BiUliogriipiij- py^blo Indians, the writing, relating 
to tlifi stibjcct coveHjig so estended a period (from lo30 to date) nod 
Imng so niimerDiis that much remnins to lie done. He devoted ntteu- 
tion ttbio. as opportunity offered, to tlie revision of certam sections of 
liu' Handbook of American Indians, but as it is the desire lo revise 
this work completely, with the aid of tbc entire staff of tlic bureau as 
well as of other specialists, little more than a U'ginning of the revi¬ 
sion has been made. Mr. Hodge continued to repre.seiit the Smith¬ 
sonian Institution at the meetings of the United States Board on 
Geograpiiic Karnes, and the Bureau of ."mierican Ethnology oq the 
Smith^oftimi advisoty committee on priuting and puLiicatlou, 

Dr. J. Waller Fewkea, otimologist, spent tlie summer months and 
Iiart of the autumn of 1015 in correcting the proofs of his monogreoh 
on Casa Grande and of his report on the Atitiquilies of the Unoep 
Verde River and Walnut Creek Valleys, Arizona, both of which 
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jipppar in the Annuiil Report of the bureau^ aiui In 

completing the dm ft of u memoir devoted to the S^-mboIie Ifeigiii} 
un Ifopi PoSteiy, which it k designed to piibikh witli numoruug illns- 
Lration^. The remainder of the autumn was occupied by Dr. Fewkes 
in ga the ring innterlal for an evoEtiml memoir on the Culture lILsttPry 
of the AlHirigim^ of the Lesser Antilles^ these data Ijemg fierivtnl 
chiefly frum a study of the early Jilenitiire of the subieci sud of the 
riclj West Indian i::olIectionj& from the island of St. Vincent in the 
Hcye Slu^utu of Kew York City. Preparatoiy to tlie ptiblication of 
the final results, Dr. Fewkes, vviijj the generous permission of George 
G. ricyi% Estp, selected with entire freedom the ncctissai:^ objects ft^r 
j!li,islrntion^ and before the of the fiscal year about :^00 drawdngb? 
of the archeological objects in this imi>ortant collection had been 
finished. 

In October, Dr. Fowki^ saileil for the West Indies under tho 
joint ausipices of the buncau and the Heye Jluseutn. tlie special object 
in view being the gathering of new arclieologieal data through the 
excavation of village sites and riefuse-heaps md the examination of 
local collect ions in the islands. Dr, Fewkw visited Trinidad, Bar- 
badoi?* St, Vincent. BalbceaiiXj Grenada^ Domiuiciu St. KiUs^ Santa 
Crii^, and other islands^ excavating shell-heups in Trinidad and BaL 
lieeuux* and milking arclicologicu! studies in other isles. The i-csnlta 
of the investigations in Trinidad proved to be espKialJy important^ 
owing to tho light which they shed on the material culture of the 
former ulK^rigines of tUe coast adjacent to Snuth Amcrit-'fl. 

Extensive exeavntions were made in a large slieU-hcapj known lus 
Tchip-Tchip HilL on the ore of Erin Bay in the Cedro^j districi, 
Tlib midden ia historic, for it was in Erin Bay that Columbus 
anchored on his third voyage^ sending men ashore to fill their casks 
at the spring or Htream near this Indian mouiiiJ. Teblp-Tchip Hill 
ia now covered with buildings to so great an extent that it wt\3j ptK- 
siblc to ctindutt excnvaiiona only at its periphery; nevertheless the 
diggings yielded a rich and uniqtie collection that well JUustrates the 
culture of the natives of tins part of Trinidad, The collection con- 
uibta of several fine unbroken pottery vessels with painted devoratioHj 
aud more than a hundred welbmade effigy heads of ciay^ in addition 
to elfig>' jnj^ and many broken decorated bowls. There were ako 
obuined from the Erin Bay midden several stone hatchets charac¬ 
teristic of Trinidad and the adjacent coast of Sonih America^ a few 
shell and bone gtsrgets. and other artifacts illustmting the activities 
of the former inhabitants?, li Is an interesting fact that as a whole 
the objects here found resemble those that have been taken from shell- 
heaps on the Venezuela coast and from the Poraeroon district of 
British Guiana more closely than they resemble related specimens 
from the other islands of the Les^r Antilles, Several other middens 
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were cxftinine<i in Trinidml, the muKt represcntiitive of wbifli is situ* 
nted near San d(»e, the old Spanish eapitfth Promijiing shell-hettps 
were (iisk'overcd also nt Miiyaro Buy on the eastwii I'onsl. 

Utic of the most important results of the West Indian field work 
by Dr* Fewkes was a determination of the geoj^phicnl distritaition 
of ecriain types of artifacts and a comparison of the prehistoric cul- 
lutf areai in the so-calkrl Carib Islands. Ei*idcn{5c of the existence 
of a sedentary culture on these islands precodinf' that of the t'arib 
wa.H oiftaincfh sliowing it to have distnntly resembled that of Porto 
Rico; tiiLs cnlturct however, was not iiniforiii. Dr. Fowkes alrto found 
tliHl there were a number of subfrujtiircs in diese islands. In pre- 
hislftric time Trinidad and Tobugo, it was Jetemiincd, were some' 
what similur culturally, just ns tiiey are similar gcologii.'ully and bio* 
logically, to northern i^xitb America, In Dr, Kcwktjs'.i opifiion r>er' 
haps nowhere is tiic effect of env iron men t on iHiniiiri enUure butter 
iUiistniied than in the chain of islands extuiidinjr fn>m Grenada to 
Guadeloupe, which were inhabited, when discovered, by Cnrlb, some 
of whose descendants are Blill to be found in Dominica und St. Vin¬ 
cent, The earlier or pre-Carib people were culturally distinct from 
thost! of Trinidad iu die south, St, Kitts in the north, am! Unrhailos 
in ihe ea.«t. The atone Implements of the area are clmrarieristic and 
die prebLetoric pottery enn reudily be duiinguished from that of tlie 
isloiuis beyond tlie limit.'^ named. 

X large numlier of shell-heaps on St, Vincent were visittnl nnd 
irtiidies made of localities in that island in which cadics of stone 
implements have been found. Six grmips of petroglyphs were es- 
ti mi tied, even some of the liesl known of which have never been de- 
scribwl. Special effort was made to obtain information respecting 
the origin of certain probLenmtical objects of tnfaceons stone in the 
Ileye Museum, saiil to have been collected from beneath the lava beds 
on the flank of the Soiifrlfert*. 

Dr. Fewkes visited the locality on the island of BalUcuaiis where 
the Csrib of St. Vincent were settled after iho Carib wars and lie- 
fore (hey were deported to Roatan on the coast of Ifomlnras. Ex* 
tensive e.xcu vat ions were made at the site of their former settkiueot 
nt Banana Bay, where there is now a midden overgrown with brush. 
Here tntich pottery, b.s well as several human skeletoas and aome 
shell't and animal bones, were found, 

Tlie mixed-blocKl sun ivore of the St. Vincent Carib who once liv«l 
at iioriiu Rond, near the SoufriSre, but who are now .settled at 
Campden Park near Kingstown, were visited. These still retain some 
of their old customs, as making cassava from the pohiouous foots of 
the manihftt, and preserve a few words of their native tongue \ 
brief vocabulary was obtained, but Carib is no loneer habitualfv 
spoken in St. Vincent. ^ 
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Tlie fertile island of Kitts mid the neigliborjjjg Kevls were 
found to be piirticiilarly instructive archcnlogically. Botli have sev- 
erul extensive middens und well-preserved pLctographs, Uie fornier 
haring yielded inuJiy uilifucts that illustrate the material euUure 
of iui'’pre-Carib inbabitants. Tliroiigh the courtesy of Hr. Cotiiiell 
!ik large collection, which adequately illustrates the culture of t?t. 
Ritts and Neiis, was placed at the disposal of Dr. bewbes for the 
purpose of study, and bo whs permitted to make drawings of the iimro 
typk«l objects, one of the most instnictive of which is u sculpturod 

torso from Kovis. _ 

In Barbados Dr. Fewkes examined the midden at Indian Uiyer, 
on the west const, from which site the im{>ortant Taylor arcbeologii.'al 
collection wiis pithered. Several other middens were visited on the 
lee coast from Bridgetown to the northern end of the hiland, where 
a marly hill strewn willi liotsherds was observed. He also eSttmilictl 
the ao-called ‘‘Indian excavatiojis” at Freshwater Bay and others 
at Indian Kiver, and visited several cave shelters on the island. The 
most noteworthy of these cavea are situated at Mount (Blbon and 
in the Scotland district, St. luiey Parialu To one of these, known 
as the “ Indian Caatle,” described in 1150 by the fiev. Griffith Tlughcs, 
who elaims to have found therein an idol and other undoiibicd 
Indian objects, Dr. Fewkes devoted much attention. The gulches 
HO eburacterietic of Barbados were favorite resorts of the aborigines, 
and, judging by the artifacts, furnished cave shelters for them, 
.UtLugh uninliflbited at the time of its discoveiy, there is evkknee 
of El considerable prehistoric aboriginal population m Barbados, 
whoso culture was influenced largely by the character of the materia 
from which their artifacts were made, most of tliom liemg fashioned 
from shell instead of stone, a characteristic seemingly constituting 


this island a special culture urea. 

\ cdllectioti of stone implements, including celts, eves, and lUlier 

uroh«.loBM obi«t* ««, .«d ll« li>rs« •*'' 

nouU. of Si.lt River w., vi,M. The prrhBtone object, obiruacd 
on tils ind from St. Tliomns resemble tho» from lorto Rieo. 

.VULoiigl. the Cerib mh.bitonbe of the I.e»r .VphUce «p! no 
longer of p..re blood, end their l«nE..e|!e e. Irooten to m^e ten' 
persons in Vmlniea anti St. Vineem, and to the* but Jv .erfi^l}, 
it teas fovrad that the negroea, who fo™ more than |.ne^ntto . 
die Insular population, retain in madiBed forn. ron^lraees of he 
material cadinro of tire Indiana. Car^va m the chuf fon^f m y 

“Its-" 
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tiiinlcu was found to bo tho name in styli! and roalcrtols as ifl do- 
a^bccl by tlw* early missionaries to ibe Carib; while the negrcjes of 
Xevis manufacture pottery of the same form and omameiit nnd 
btirji it in much the same way as that found in the middens of St* 
KittSi In woridiig their spells, the obta men commonly sprinkle 
stone objects with the blood of a goat, and the common people re* 
gni-ci peirogtyphs as ** jumbles,” or bugabotus, A. great number of 
folk tales of u mixed aboriginal and negro type are still reeountcfl 
in the cabins of the lowly, where Caiib names for imimals. plants, 
and places are household words. 

On his return to M''ashington Dr. Fewkes undertook the preparation 
of a report cm bis archeological researches in the West Indies, iind 
considerable progress therem had been made by the close of the 
feral year. 


.Mr. James Mooney, ethnologist, was occupied during the greater 
pan of die year wirh (he investigation of Indian population, which 
has engaged his attention for a considerable time. This research 
covers the whole period from the first occupancy of the country bv 
white people to tlio present time, and Lnchides the entire territory froin 
the Rio Grande to the Arctic, To make possible systemntic treat’ 
ment the area covered iuis been mapped into aliout 25 scctiona, each 
of which constitutes approximately a single gcographicttl nod his¬ 
torical nnit for separate treatment, although numerous migrations 
and removals, and the fraqueut formation of new combinations, neees- 
ailatc H constant overlapping of the work of the s©ctiou.s. Several of 
tlie castcni areas have Isecn completed and more or Iofr progws!} bus 
been made with each of tlie otliers. More recentiv Mr. ilooney bus 
concentrated attention on Alaska and western Canada, for the Arctic 
])orts of which Mr. Vilhialmur StefAnsson and Dr. IValdeniar 
Jo^clson have generoi^ly fiimishcd new and valuable data. In 
this memoir tlie plan is to include chapters on notable epidemica, vital 
Statistics, and race artmistiire, and the work is intcndctl to apnear as 
a monojp'aph on the subject. 

On June 1J3, 1513, Mr. Mooney proceeded to the Eastern Clierokee 
Indian.^la Aorth Carolmn to continue his investigations of the med- 
iciil and religions ritunl of that tribe, commenced a number of veara 
ago, as it deemed wise to finisJi this part of his Clierokee studies 
ms flooD iJSractirable by reason of the clianges that art so rapidlv 

tak^ placeS^ng tliis people. Mr. Mooney was still in the field 
at the elo^ ot the fiscal year. 

Dr. J^n E, Swaiiton. ethnologist, continued, both in the field and 
« tl.. oB™ h„ «„di« of ih. Mi,™ fonnrf, occopvM .h, 

lei., «itli tk, ind Knuui Indira, in Polk Ckrant, To, 

wkra- ho rccoidtd 2i0 p,jK of ton, in thn dideote spokon S 
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two tribes, porrefited stYernl tests rrbtaioeil <m enrlier espedilioiui. 
und added muteriallY to his penernl ethnologieiil mfcirmntinti regnrd- 
inir them, lu Dwemiicr Ur. Swflnton proceeded to Oklubtunn, where 
he obtained iiliOKt TiD pages of test In Hitehhu a language now eon' 
fined to n verj' few persons among the Creek Indians, and collected a 
feAv notes regarding the Choctaw. 

Before his depiirtnre from ’iVashifigioti iitid after his return Dr, 
Swnntou spent the greater part of the time in col lee-ting in formation 
concerning tlie .^ntherti tribes from early Spanish, Freiirli, and 
Engli!,li nutlioritieo. Considerable attention was aLsn devoted to 
reading the proofs of the Kev. Cyma Byiiigton’s Choctaw Dictionary, 
now in process of printing, in which labor he was efficiently nideil 
by 3Jr, II. S. Halbert, of the Alabuma State department of archives 
and history. Dr. Swanton alifo eammcnced a general grammatical 
study of the langnagisi of the Muskhogean stock, pai'ticuiarty Altv- 
liania, Ilitchiti. and Choctaw, and in order to further this work he 
was suhsequently engaged in making a preliminary stem catnlngue 
of Creek from the material recorded by the late Dr. Gatschet, similar 
to the catalogue already prepared for HitchUi, Alabama, and 
Katchez. He began also the preparation of a card catalogue of words 
in Timucua, the ancient c.vtinct language of Florida, taken from the 
grammar and caiecbisnis of Father Pareja- In May, Dr. Swanton 
visited rCew York in order to examine rare Timucua works in the 
Buckingham Smith collection of the New York Historical Society. 
Through the courtesy of this society and of the New York Public 
Library arrangements have been made for furnishing phoUisint 
copies of those mrc and importmt books, and the reproducliona were 
in prcparaliou at the close of the fiscal year. 

In connection with the researches of Dr. Swanton, it is gratifying 
to reiMirl tliat he was awnrdctl last spring the second l,OTibal prize in 
recognition of his two publications—Tlingit Sfyihs and Tc.^ts ’* and 
Indian Triljei, of tJw Lf'Wer Mississippi Valley and Adjacent Coa.'il 
of the Gulf of Mexico !>oth issnicd by the bureau. 

Mrs. M. C. Stevenxon, etlinologhit, devoted her time to the ron- 
dusion of her researches among the Tewa Indians of New Mexico 
and to the preparation of h paper on that interesting and conserva¬ 
tive people. A preliminary table of contents of the pru]K>soil memoir 
indicates that her studies of the customs and beliefs of the Tewa will 
l»c as eomprehensive as the piibJisJicd results of her investigiuions of 
the .Sia and the Zuui tribe of the same State, -\s at present outlined, 
the work, which will soon Le completed, will contain six sections, deal¬ 
ing with the following subjects, respectively: Philosophy, anthropic 
worehip and ritual, zoic worship, social customs, material culture, ami 
history, 
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Dr. Triimon MichcbiOiu ethnolofti-t, coiitinned bis studies imon^ 
the AlgODfjiii&ii iribcs^ In the snitldle of July, 1012^ Jie proceeded 
to the Fois Indiatis* at Tania, Iowa, froTn whom u Isitgo additinniil 
body of uiytliologicul mitteriul was oMained; tbiw^ in cotiiioeticitl with 
the mTt}is and legimds in Hie forto of texts gathered during tlie 
preTioiis seo-son. approximates TjOOO pages* When the tninfilation 
of Uiis nmteriai shall have been finished it will form one of the ma^i 
exliaiislive eollectiona of mythology of any Indian tribe. It Is note¬ 
worthy that these mytlis and tales differ essentially in idyle from 
iLose gathered by the late Dr. William Jones (scarcely any of whose 
material has been duplicatwi by Dr* Michplson). a fact that empha¬ 
sizes the necessity of recording such material in the aboriginal tongue. 
It may he nddial thm the myths and tati^ collected arc also irnportaiit 
“m the light they shed on the dissemination of injlhs. of the 

social and ceremonial organization of ihe Fox Indians wa.s likewise 
eontinited, and estwcially full notes were obtained on tJmir Religion 
dance* Many of the wngw of one of the drums were recorded on a 
dictaphone and several photographs of the native ball game were 
secured. 

Dr, Michebon next t>rtK. ceded to Haskell Institute, the non reserva¬ 
tion Indian school at Lawrence^ Eans., for the purpose of obtaining 
no^s on Atsina (Grt^s Ventre) and several rither Algonquian lan¬ 
guages. the results of ivhich sho%v defifihdy that Atsina shares with 
Arapaho all the deviulions from nomial Algonquian, and that Pnta- 
watonii is further removofj from Ojibwa, Ottawa* and Algonkin 
than any one of ilie$e is from the otliers^ 

Dr. ^!i<;helscin next liated the Mims^, in Kans^is, but found that, 
iinfurttuiDtely. little is now available in the way of mformatiiPii 
except as to their language, wliirh is still sjmken by about half a 
doz,en individuals, thongh tione entploy it habitually* 

Tiie Dekwares of Oklabonia were next visited* Dr* Michekon 
ing that their alioriginal ciistouLs are ^itill retained Uy u large extent. 
Extended obsenations were made on several dancer, and, to a lesser 
extent, on the goclal organization* From a study of the Delaware 
language, together with the MtiuBee dialect of l\Eiivsas. it was oscer- 
lained, as had previously been surmked, ihnt the Delaware language 
of the early Moravian mii^ionary 2eisl^crfc^ represents no single 
dialect a medley of several dialects. 

On 1^ wky to Washington Dr. Michelson stoppt'd again at Tama 
to obtain adtitional notes on the Fox Indiatia} at the same time he 
fiucceeded^ in arrEn^ttg for the acqulremont of certain sacred packs 
for the National MiLsenm. He also visitetl Chicago and Xcw York 
for the purpose of making comparative obserTntions on the material 
culture of the Fox tribe, based on collt^ctions in the museums of those 
cities. 
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On his arrivft! in Washington, at the close of December* l>r. 
Midielson undertook the translation and st^jdj of some of the Fo:^ 
inyth-s; the rcsuifs indicate that very |:reat firtnnc^ss in tlie flrord tinit 
in A1giini|uian is mtiro apparent than real, and that the classification 
of steins rtm^ he revised. Dr. i^lichelson also brought to concltisjon 
his translation of the Kickapoo myths and tales oollccteil by the Ijite 
Dch Jonw, to which ^vcrc added notes oti Kickapon grommar and 
com pa m live notes on the mytlis and tales, the whole making acitnc- 
whot more than !KK) pages. 

Through correspondence Dr* Jliehelson succeeded in aiTaiigifig 
for the acquirement of other saitred packs of the Fns Indiana, which 
have been deposited in the National Jluseiim- lie also aided in 
furnishing iiiffsrmation in answer to inquiries by %^arious corre- 
sponilents. ami fnnii time to time supplied data for incorporation in 
a new e<lition of tlm Handbook of ^Vnicrican India d.el 

From the investigations of the htircau it seemed that the Siou&n 
and lltiskJiogean languages rei^mhkd each otJier morphologically. 
In ’iTcw of these clrcumataficei?. it wa-^ deemed desirable that the 
Catawba* one of the Siouau tongues- should be restEidied, and uc- 
cordiiigly, toward the close of May, 191S, Dr. Michdson proceeded 
to Sftmh C’orolinaj where the remnant of the Catawba tribe frtill 
reside. Unfortunately, it was found that the language is all but 
extinct, not even half a dozen persons being able to recall phni-sefj, 
iiUhnTSgli isolated words run still be had in goodly number* Owing 
to tliiH ptuicifj of text moterinl it is hardly likely that the gruminar 
of Cntowba will ever Iks tiompletely elucidated^ and as no compara¬ 
tive study with otJier Siomm dialects has yet been made, it ia not 
practicable at present to say with which Siiiuan gi'oup the language 
is most densely associated* A wsnsiderablc number of native songx 
arc still remembered by the surviving Catawba, nearly all of which 
Dr Miehelson micc^edcd in recording by dictaphone. 

Mr. J* N* H. Hewitt, ethnologist, was occupied during tho year in 
translating imetlited Seneca tests of myths which were rullecled by 
hims*df in lS9f> and at other times on the Catlaraiigius Eeservatiun 
in western New York and on the Gmnd Kiver Reservation in Ontario, 
Canada. Thciie myths, legends, and tales numlier 13 in all. In addi¬ 
tion* Mr. Hewitt undertook tho editing of two Seneca tests—The 
Legend of SdiLigowc^*tiotdia\ or The Spirit of the Tides,and '-The 
Tale of nnd lIotkwisdadege''''a'' —rctmrdeil by him¬ 

self in Uic form of field imtea in 1396 and aggregating 95 tyiwwritton 
pageii. At the of the fiscal year about ane-ihird oI this wurk 
Wfis completed- To these tests interlinear traiLdations are to be added 
for the purpose of aiding in the grommatic study of the Sencai 
tongue. 
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Hr. How 111 aJbo devoted mtieh time to tbe coUectiaQ and prepn ra¬ 
tion of data for answers to com^JtxjndentB of the burcaiL especially 
with reference to the Iroqnoian and iU^nqtiian tribes. 

Mr* Fmnrb La Flesrt-he, ethnologii^tj continuo^l hh investigatioti^ 
of the ethtiolojiy of the Osago Tndianfl, giving piirticiilnr iittcnticm to 
their rituals and nccompanying Bongs. lie was enableti to record on 
the dictaphone the songs and fragments of the rituals belonging 
to the TiVaxobo degree of the Xty^'ho'^sdn^ga ritcSj of wiijchy as noted in 
I lie last Biinoal report* he has been making a -Special study* Th(^ 
rituals have ticen trati^ribed and, with the &4 songs that have IJeen 
transenberi in musical notation by Miss Alice C. Fletcher, comprise 
m t\^w ritten pages. 

Mr. L.i Fleschc has also been able to record Llio Xo"'"sdii“!iho*t or 
Fasting degree^ of the Puma and Black Bear gmtes. Tlieso two 
organirnationB are closely related! tlicj not only in common the 
istvbgs and rituals of the No^^ho“Ehi"ga rites, but they even go to the 
extent of exchanging gentile personal names as full recognition 
of their rclstionship* The ?fo^'‘zhi‘’zho^ degree employs 12 rituals 
and nmncroiEs songs* of wbkh latter 81 hare been recorded. These 
songs are divided into two great groups* the first of which h knotVB as 
^Thc Seven Songs.*^ having in scL^ and the second^ ^ The Six Song>f/’ 
having IT sets. The Osage texts of these rituals and songs cover 207 
about three-fourths of w'hich have been finally typewritten. 
Tlic SI songs have been Iranscriljcd in musical n<itaru>n by Mws 
Fletcher, while the translation of the rituals and the wortls of the 
Bcmgj is in progress. 

In the autumn of 1012 ilr. La Flej^he was fortunate in securing 
in full the yi'ki degree of ih^ intricate Osage rites. Hitherto he 
had lieen able to obtain only the beginning of tlii^ degree, hut his !n- 
forinant was finally induced to recite it In its entirety, comprising 
1 .ri42 lines. The real title of this degree is Xi^k'i The Hear¬ 

ing of the Words of the People.’' In it the genesis of the trilie is 
gi ven in a slori- made up of myth, legend, and symhoiism, the wliole 
being clearly dcvLwd to keep the people ever mindful of the nece^ity 
of an onlerly and autImritatiTe conduct of wan It goes to show that 
!lio principle of war was early rccogniied by the Osage os the surest 
uieans by which uol only tribal and individual life might Iw safe- 
guanleii against strange and hostile tribes, but also as the means by 
which the tranquil enjoyment of game and other natural products of 
their cnvironmenl might be won. It is to this cfjveted tranquilllry 
that die closing lines of many of the rituals refer, invariably liken ins 
it to a ^s<!rene day,” Tljis degree employe ritual almost entirely 
there being only 10 songs. The native ritual comprises .’iT types' 
written pagf^* of which a largo part has been trandatetL 
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Ill the spring of Mr. Lsi Fleaclie obtflined the Hush Miit Wtuv- 
ing degree of the Piiron om! Block Bear genleii. Only llie Seven 
Songs” spoken of before, with Tsrioiis cereinonlal fonus, are em* 
ployed In this degree, the “ Six Songs’* being entirely omitted. The 
distiiigtiiiJung features are the teremoniul weaving of the rtiali mat 
for the sacred case in which were enshrined the bird and other sai-mi 
objects, the renewal of all the articles that make up the sacreil 
bundle, and the ceremonial stitching of the ends of the case. Tn some 
respects this is one of the most estraordinary d^ces of the Osage 
that Mr, T^i Flesclie has yet obaerveil, sini^ in its pcrformiuice there 
are used 70 braai kettles, 70 red-haniUed knives, and 70 uwls in mak¬ 
ing the various artielcsr aU “f which the votaiy is obliged to furnisli, 
together with other expensive articles that constititto tlic fees of the 
initiator and other officiating Noi“'ho’’zhi’'gB, as also 70 pieciis of dioioe 
jerked meat for dSstribut ioti annmg the members attending the initia¬ 
tion. Three rituals not used in the other degrees are employed in 
tills, namely, the Green Rush ritual, the Hark ritual, and the Stitch¬ 
ing and Cutting ritual. Tliero are 01 pages of Osage text, about half 
of wliich have been transeribed, 

Jfr. I*a Flcschc also obtained the rituals and songs of the IViisiiabe 
Alhi”, “ The Carrying of a Dark Object,” with fiiU description of 
the various proce^ous and ceremonial forma. This is a war cere¬ 
mony, wliich, although not coimted as a degree, is a rite to which 
the seven degrees lead. The name of this rereniony is ilerived from 
the war insignia, which is die olmrconl ceremonially prepared fnim 
certain sacred trees, and which symbolizes the black marks denoting 
the birds and animals used to typify strength, courage, nod lloetncss. 
Mr. Iji Flesche's Osage informant regards this as the Una! act of 
the seven degrees- The Osage text comprise! 90 pages, nearly one- 
half of which has been transeribed. together with 30 songs, which 
have been transcrilied by ^liss Fletcher, and 7 diagraina, 

Mr. La Fleschc was fortunate enough to procure the s.icred bundle 
of the Deer gens and tlw reed-whistle bundle of the Wind gens; tlie 
contents of the latter arc of exceptional interest, Mrs. Brognhige, 
one of the ceremonial weavers of the Osago, at considerable saerifipe 
to herself, presented Ur. La Fleschc two sacred looms, one of whjch 
is used in wearing the bulTal^bair case, and the other in weaving 
the ruBh case for the sacred bird. These packs, togetlier with spoci- 
rnens of ceremonially made burden straps which Mr. f^a I-lcsche col¬ 
lected, have been placed in the Xational Museum. 

Dr. Fron 2 Boas, honoraiy philologist, continued the preparation of 
tile material for the Handbook of j^Jiierican Indian Languages. As 
stated in the last annual report, the mamiscript of the grammar of 
the Chukchee language, to appear in Fart 2 of this handUiok, wa-s 
compleietl ond in its final form was discussed with the author, Mr, 
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IVaideujftr Lluriiig ihe visit of Dr. Booh to Berlin in the 

suDimer of UU3. Tlie i^nk^ of these distruH^ions wen? embodied in 
the work, the msmus^ript delivered^ and the tviiesettin^ com- 
menecd. At the Hfime time Dr* Bmi5 stutlietl tlie Ktn^-ak iext^ col¬ 
lected by Mr. Bog(>riis, puhlir^hed in aceorclance with the plan pre¬ 
viously ouLlined. at tho e-^pense of the iVmcricaii EUmologicul 
Hi>i:iely* and the imlispciisahle roferenDes were embodied in the gram- 
Eiiatical sketch. 

The Cooti grammar by Dr J. Fruchteuherg vvaH L-oaipleLed^ 
far an the work of the e^Jitor^ Dr Boua^j Li coucernedf the page proofi\ 
having Wn finally revused. 

The maimsiTipt for tlie Sinslaw grammar^ also by Dr Frachten- 
berg^ was submitted and the editing considerably udvancctl: this 
will be completed os socm as the ejiiirc mnm of Siuslaw texts are in 
print t \i work that has been undertaken under Dr Bc»as's e^lilorship 
by Columbia University. All the eollecled texts are now in typo^ 
so that examples can be added ti> the manuscript of the grammar 

Dr Frsvblenljerg remained in Siletz^ Oreg.,. ihroiiglioiit die year 
for the purpose of revising on the spot tlie muteriak on the Oregtm 
languages, lie was engugtd in collecting and arranging the Aketi 
material for Part 2 of the Hatulbook of I^rngungeiS, and in preparing 
fnr the discuission of his Mol ala lingnLsiic:^ The rapid di^ppoanuce 
of the Galapooyo may make it neees5sar7, however^ to complete the 
field work on the langiiage of thi^ people before closing the work 
on the other nianuatripts^ even though this procedure may entail delay 
in the printing of the volume. 

Dr. Alexander F. Chamberlain^ of Gark University, who has 
underlakeji the preparation of a grammar of the Kuteiiai language^ 
expects to deliver his manuscript early in the new fij^al year* The 
printing of this sketch must necessarily lje delayed until the text 
material is available in print. 

Miss Haeiisler continued her preparations for a careful revision of 
the Dakota Dictionary by Rigga. a work mode necessary bv reason 
of the need of greater preeiaon in phonetics and irunslatitm^ as well 
fls of ft more systematic arrangement of the materiaL Miss TIneBsler 
exi>eets to complete alt the preliminary work by the summer of 1&14, 
m ilnit, should faellitic^ be availabli^ she will then be able to under¬ 
take the rapiired field w^ork. 

Mis^r Frances Densmore eontinuetl her studies in Indian mosie, 
devoting ftpecial at lent ion to that of the Sioux, and during the ve.ir 
submitlcd three papersi, comprising 2m pages of manuscript, nri^nal 
phonographic records and musical Iranacription of lOT songs, and 
original photographic illuslralions, Threi^ anbjects have been ex- 
hniisfively studied and a fourth is represented in such manner thnt 
the results may tie rcgartlcd as ready for piiblicHtion. The three 
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principal subjects am The sucred stones. (IpentuB about animnls, and 
the buffalo hunt. The fourth subject referred to relates t« the wiir^ 
path and ia represented by about 20 sonjjs, but it awaits further study 
of the loilUary societies. A special group of songs consist.^ of those 
witich have been composed and sung by the Sioux ill honor of Miss 
Densmore. 

A study of the tnusic of titc Slandau and Ilid&tsa at Fort Berthold, 
X DaL, wii-s made by Miss Deiismore in the summer of 1012, in coop¬ 
eration with the Historical Society of the State of Xorth Dakota. 
The resuibt of this investigation consist of a manuscript of about .*10 
pages, with trnnseriptions cif 40 songs. 

Miiis Deiisniore also read the proofs of ftuUetiit 53 (Ciiippewa 
Music—^II)f which is now in press. 

3Ir. W. IT. Hohn^, head curator of the department of anthro¬ 
pology of the United States National Muaeura, continued the prep- 
amtitin t>f the TTaudbook of American Archeology for publication 
by the bureau^ os far as tho limited time avniihhle for the purpose 
permitted. iVaide from the preparation of the text and illustra¬ 
tions ft.ir parts I and 2 of tliia tiandimok. Mr. Holmes made field 
observutiomi among the ancient mica mines in western North Caro¬ 
lina and among mounds ami village sites in South Curolina and 
Georgia. He also visited a number iif muheums for the purpose of 
examining the collections of archeological material, among tliem 
being the museums of Uostonj Andover, New \ork Cii3'T Philadel¬ 
phia, Columbus. Chicago, Milwaukee, Madison, Davenport, and Si> 
Ijbuis. 

Mr. D, r. BiisLnell, jr., made good progress In the compilation of 
the Handbmjk of .VLoriginal Remains East of the Mississippi, the 
manuscript material for whicli, recordoil on cards, now approximates 
160,000 words. The colbited material has been derived from (1) replies 
to circular letters addressed to county darks in all of the States east of 
tho Mississippi, (2) communications from various s*x:ictiea and intli- 
vidualB, and (3) publicutiona pertaining to the subject of jVinerioan 
antiipjilies. It is gratifying to state that there are very few areas 
not covered by the material already in haml, ond it is ^expected that 
through the systematic manner in which Mr. Bushnell is prosecuting 
the work the handbook will be as complete os it is practicable to make 
it by the time it is ready for publication. 

The investigations conducted jointlj' in l&lb and lOll by "the bti- 
reuii ond the School of American Archajology have borne iidditional 
fruit An extended mHUoir on the Ethnogeograpby of the Tewa 
Indians, by J, P. Harrington, was received and will appear as the 

accompanying paper'* of the Twenty-nintii Annual Report, now* 
in press. Three bulletins, namely, (No, Tri) Tlie Pliysiogiaphy of 
the Rio Gmmlc Valley, New ifexlco, in Relation to Piichlo Culture, 
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by Etlgftr L, Hewctt, JuiittL<$ Henderson, and W, "W, Robbinij; (Xo. 
63) The Etliiiobotfliiy of the Tewa Indians, by Barbara IV, F'mre- 
SlarroMi, W, “W. Bobbins, and J. P. JPtrrinlttm; and (Xo, 5G) The 
Kilinuzoology of the Tewa Indiuna, by Junius Henderson and J, P. 
Harrington, rrere also pn^nted as a ]jart of llie results dI the joint 
expeditions and are eitlier pnblishcil or in proeess of pririting, 5Ir. 
Harrington also made progress in the prepamtion of bis report 
nil the ^[oltave Indians, and Miss Fretre-Mnrreoo Is ex[>tK,'U<d t<ii 
submit shortly an extended paper on the Yavapui tribe. There re¬ 
mains to be mentioned in thU cunneetioji giiiotber memoir, namely. 
An Introduction to tlte Study of tiie ^laya Hieroglyphs, by Sylvanua 
G. Mtirley; while not a direct produet of the joint w'ork of tliL* 
liiireuu and the school, this is in a measure an outgrowth of it. The 
inanuscript, together with the accompanying illiistnilions, bus lieen 
submitted to the bureau, but is now temporarily in the author's hands 
for slight revision. 

Since the publication of the Handbook of American Tndinns, 
tliruugli which addithmal poptdar interest in our aborigines has lieen 
aroused, it has been the desire to make a beginning tow'and the pretm- 
rulioii of a series of liaudbooks devoted to the Indiujis of the n-- 
spective States. The opportunity was fortunately presented towaivl 
the close of the hscat year, when the bureau was cnnhlerl to enlist the 
aid of Dr, A. L, Kroeber. of the University of Culifomia, who has 
kindly consented to undertake the preparation of the initial Yolnme 
of the series, to be devoted to the Indians of California. It i.<! planned 
to present tbe material in each volume in ns popular a form as prac¬ 
ticable, in order tliat it may lie made of the greatest use to schtiok. 
and it is hoped that the means may l>e soon available to make pos¬ 
sible the extension of the series to other States- 

Under a small allotment from the bureau, Jlr, James Murie con¬ 
tinued his studies of Pawnee ceremonies. He devoted special atten¬ 
tion to tile medicine rites, and on June 13, 1013, submitted a descrip¬ 
tion of the ritual pertaining to the “ Piirification of the Bud^aiii 
.Skull ”, 

Tlic transcription of tiic manuscript Ftiench-Miami IHctionary in 
the John Carter Brown Library at Pnivldenee, B. L, to which at¬ 
tention has been dlrectetl in previotis reports, was finished by Miss 
Margaret Bingham Stillwell, who submitted the last pages of tlie 
i-ocnbulary (which nunilicr 1,120 in all) early in Janiiaiy, mis, 
Tlie bureau Is under obligations to Mr, George Parker Wiiisiiip 
librarian of the John Carter Brown Librar>% for his generous tiy 
gpemiion in placing tbU valued document at llie difiposnl of this 
b^flU and to Mias Stillwell for the efficient manner in which this 
difHcnlt task acwmpltsliefl. 
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In thr latter part of ih$ year ilr. Jacob P. Dtiniit of Indiau- 
njirtlis, in whoiM? hands the French-Miami Dictionary^ waa placed for 
stiidyHi comiricncetl the annotation of the tran-^ription iind the addi¬ 
tion of Engii-ih eqnivalentifH This necessilnlecl a ]oiirn-ey to Dkla- 
homst where Mr. Dnnn eolisted the services of a Miami Indian 
an interpreter, Tlie revolt of these studies conaiats of (/t) tlie 
Frcnch-Misimi-Englisb Dictionary, from to (b\ 

The ITi-Story of (rctieaiif^ Chapter F, being P^rk {e.T^t with Miami- 
Englkli trani^hitiim; (c) Englkh-Miami Dictionaryj frfitn Abanjfm 
to Atm: {fJ) \Vis.sitkfltcakw!i Stories, recorded in l\^oria by the ]nte 
Dr. ("rntschett for which Mr. EhJnn has tnnde an interlinear tnuLS- 
la lion. 

Tlie cofiipilnrion of the Liat of Works Relating to Hawaii was 
continued by Pn»f. Howard IL Ballou, of the College of Hivwaii^ 
who from time tu time ImH .sid>i]iiited additionol titles. The rccortl- 
ing of tlie niaterkl by more than one person necessarily resulted in 
more or iticonab-leney in form; consequently the maniiseript, 
which consists of many thousands of cartls, has l>eeu in need of edi¬ 
torial revision in order to insure iiniformit 3 % For this revision tlie 
bureau has been fortunate in enlisting the sendees of Mr, Felix 
Xciimann* nn e.^iierienced bihliographerj who is making progre??i in 
the work. 

I*UtlTd<UtlONR. 

The editorial work of the bureau lias been conducted as ustial by 
Mr. J. Gurley^ editor. The following publications were issued 
during the year: 

Twenty-^igAtli Annual Report^ containing “ accoTupaiiymg 
papers " fls follows: (1) Casa Grande^ by Jcs$e Mklter Fewkes; 
(2) Antiquities of the Upper Verde River and Walnut Greek Valleys, 
Arizona, by Jesse Waller Fewkes; (3) Preliminary Report on tlie 
Linguistic Classificatlnnof Algonquiau Tribes^ by Trumsu^Iicbelsiiiu 

Bufhtin 30. JJandbo&k af Ain^rifran Indtaiuh o/ il/^' 4 r/co^ 

edited by Frederick ITebb Hodge, By concurrent rcsolutinn of 
Congress, in August, 1012, a reprint of ihi$ bulletin was ordered in 
an edition of (iJiOO copies, of which 4,000 w eiie for the of the 
House of Repre^^entativea, 2,000 for the use of thu Senate, and MIO 
for the use of the biireaiu This reprint, in which w^ere incorporated 
anch de^drahle nlteradon.s ss could bo coaveoieutly made ivithout 
affecting ihe pagination of the work, was issued in January, IDbT 

IluUeth Early Man in S^uth America^ by AleS llrdlifka, in 
collaboration with William lb Holmtss, Bailey Willis, Fred. Eugene 
IVrighi, and Clarence N* Fenner^ 

Bulletin Oi, The Physhgraphy of the Rh Grande Valley^ 
Mea^^ ift Rt^Infiojk fa PaeMo CtiBure^ by Edgar Lee Ilewctt. Junius 
fleuderson, and Wilfred William Robbins. 
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The work on lbs other puULkutioiis Uiirinfr tke vi*or iiniV Ihj sum- 
iiiarbccil ut> follows: 

Twcnt^-miUh .1 nnual Report uccompimytng paper,” The Eihtio- 
geugraph>' of the Tewa Intlians, i>y Jolio Pottbody Ilarrloglou). 
Mauuscrlpt prepared for tiie printers mitl nearly lialf of the eotn* 
position Rtiislied. 

Thirtietk Antiiitil RtpoH (^^acctompanymg papers(1) Aoimism 
and Folklore of the Guiana Indians, by Waller E. Both; (2) Tslni- 
shiun Mythology, by Fraro: Boas; (3) Etlmoboiany «f the Ziifii 
Indiana, by Mutilda Coxe Stevenson). Editing of the third jiaper 
and to a considerable extent that of the iii'st paper conipleted. 

BvUcihi naniPiooh <>f Ariieii<x(h Indian Langmfjei, by Franz 
Boas—^Part S, Work on the Coos Ejection nearly finished and com* 
position of the Chukchee section begun. Two .sertiiULs (Takdnm and 
Coos) are now “ made np,” aggregating 429 pages. 

^6, J. Dictionarif af th« Chi)i:ta\t> Langnai/Ct by Cyrus 
Byington, edited by John K. Swoiiton and IL S. Tlallwit. Tlie 
(Klitori; have rev bed two galley proofs of the Choeta w-Englisb sec* 
tion of thb dictionary and have pructicaUy finudied preparation for 
the printers of the English-Choctaw section. The first port of this 
bnlletin is now in process of paging. 

ItuUftmoS^ CMpptvsa Mutic — Ih by Fiances Bensmore. Mann* 
script edited and the eeverai proofs read, including proofs of ifiO 
pieces of music. At the end of the year the bulletin was held in the 
Printing ORico awaiting receipt of the necessary paiK>r stock. 

BxtJletin o5^ Ethnohatang of th^ Teva Indiana^ by Barbara Whit* 
church Ft«ire-]darreco, Wilfred William Roldjins* and John Pea- 
laaly Harrington. Manuscript edited and the work in galley form at 
the dose of the year. 

ItnVeiln 5S, t'fhnosoolagij of the Tewa Indiam. by Junius Render* 
son and John Peabody Harrington, ^fiinuscrlpt edited and the aork 
in page form nt the close of the year. 

In nocordaiice with the act of Congreas approved August 23, 1912 
the entire stock of pnbUcatioas of the bureau, with the exception of 
a few copies of each available work which have been retained nt the 
Smithsoniati Institution for special purposes, was transferred to the 
Government Printing Office in Octdjcr, 1912, for distribution from 
the office nf the stiperintendent of dociiniente on order from tha 
hureniL It has Iwen found that this plan of distribution is highly 
successful, and, of course, much less expensive to the bureau. 

The correspondence relating to publications, of which 16,970 were 
distributed during the year, was conducted under the immediate 
supervisimi «f MUs Heleji Mnnroe, of the Smitlusonian Institution. 
The distrihution of tiie publications may be summarized ns follows; 


KEFonr oi» tii£ aicanTABV. 

fortes: CwpU*. 

lU’port valimiM and iK^unitc papor».... ---- 3. SOS 

Btilleaiia--------11, fHt> 

{'ontributloii)i to Nonli Amcrlmn Rthnotney,—„— -—. 16 

3iIta«!lLatiM>aB [tubUcuttoBB--- 113 


16,070 

Tlrt dctmmd for the Hsndboak of American Indiians (Bultolin 30) 
coatiniiHS nnabnted, bj' reason of the wide tjcope of tlie work, ibi 
popular form ctf tiipiiUnent, niid its usefnlness to schools. There hs nn 
incrcasinf' detnand for p itbl lent ions rolnting to lodinti arts ood ('mfls, 
and to archeology, Tiic actiTity in tlieestablishment of urgunizatlons 
of Cftmf) Fire Girls ihroiighout the counthas resulted in a ihiod of 
I'oqiu'sts for inforiiiiition relative to Indian ctistoms, names, etc, 

IIJ.USTHATlONS. 

As in the post, the projiaration of illustrations for use in ('onnection 
with the publications of the bureau, as well as the niukrng of photo¬ 
graphic port rails of the metiiiiera of visiting deputations of Indians, 
coiiLiimed in the immediate charge of Mr. I>e Lancey Gill, illustrator, 
whose work during the 3 ’t*ar included the making of neguLives of 113 
visiting Indians and of 03 miscellaneoiiB elluiologic subjects; he aliso 
develo]ied 298 negatives exposed by mem hers of the bureau in tlicir 
field work, printed 0T5 photographs for official publication, exfliaiige, 
and presentation to Indians, and prcpaml 103 drawings for repro- 
duetiou us illustrutioitH for the piililications of the bureau. 

The tribes or pueblos represented by Indians who visited Washing¬ 
ton during the j'ear are: Acoma, Apache, Cheyenne, Chippewa, 
Codiiti, Crow, Tsleta, Kiowa. Osage, Passamaquoddy, Ponca, i?au 
,Tiinn, Santa Claru, Slioshoiii, Sioux, Taos, and Wichita, Among the 
more important Indians whc3se portraits were made may he men¬ 
tioned Plentv Coujss and MciJicine Crow (Crow tribe). Big Man 
and Iron Bear (Hrule .Sious), Hollow Horn, Bear, RetJ Cloud, and 
Red Hawk (Teton ^ioux), Daybwawaitidung (Chippew a), and Two 
Moons (Cheyenne), ilany requests are made by eorreapondents for 
prints from the large collection f}f negatives in possession of the 
bureau, iiut it has not been possible to supply these, owing to lack 
of luean^, although in many cases they arc desired for educational 
pi 2 rposes, The aeries of photographs of copresentative Indians, front 
65 triiws, which was made during the last fiscal year for special ex¬ 
hibition at tlic New York Public Library, has been bnrroweil from 
the bureau by the Puidic Librory Commiasion of Indiana for exlubi- 
tion in the public libraries throughout the State. In the work of the 
photographic laboratory Mr, Gill was aaststed by Mr. Walter J, Sten- 
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KlURARY. 

Tlio library of the burean continued in imniedkti^ elitirj^ of Miss 
Elln librarian, ossistoa by Mrs, Elk Slaughter. Dnring the 

vcar the uceQssion^ ccunfirised 502 volutnes (of li^iilcb 120 Tfem piir- 
and 244 pamphlets, bringing tlie total numhier of volume? in 
tlie library to IB,532, and the pamphlets to 12J44. The periodicals 
cuirently received by the burcai^ of which there are E^t'veral thoi^aml 
unbound pariH, number 620; of lhes« all but 18 are obtained in 
ebange for the bureau^? pubUcatiotis. Simual attention wai paitl 
during the year to filing lacuna? in the periodical series* 

The cataloguing kept apace with the new awesslojis, and snmt 
progress was made in c?titaloguing ethnologic and rektetj articles in 
the earUcr seriids. A monthly bulletin for the use of the members of 
the bureau staff vras compiled and posted by the librarian, wiio also 
made a beginning in tlie preparation of u list of wTitings on the 
tuiisle of American Indianfl. 

As in the paid^ it was nece^ry to draw on the collections of the 
library of Congress* aboul 800 volumes having kwn tmmiwed dur¬ 
ing the year. On the other hand^ the library of the bureau is fre^ 
qaently consulted by officers of the departtneots of the Govemment, 
as wtII as by atudenta noL connected with the Snuthsonian Institti- 
tlon. 

Wliile many volumes are Rtill without binding, the oondition of 
llio library in this aspect bus greatly miproved during the last few 
years; volumes were bound at the Government Printing Office 
during ilie year* 

c;OLLEcriONi^, 

The following collections were naadc by the bureau or by membet^ 
of its stuff during the fiscal year and transferred to the Xational 
Museum: 

Sli nbntcgmpliR (nnmDanteil) taken tJj A. J. ITqtwIIK fiaa Jw, Mia- 
Uartip P. I., amcmir tta^ imthea of ^itltuloro jHlnnU. Gift to tUe bamvu by 
Muim & Qx. Now Vork+ 

OmtO. Bacreil puck of tlic Fox IntlEnna of town, pqrcluiacd for tbe bureau by 
Dr. Truuam MkbelAnit 

fi-lCOI. Five piLWB of cotiaa nnlinic*) with ABt^rLun icuLiJecta ltf4.'et¥«l by ihe 
baroau fraai on uakaown i&aarce- 

r*vtVfR. ThrtfV ttacred luoaiB Qtid bunicn stmr^* of tlic* IiitUauji, 

Iccted by Fraud a £41 

ri4tia3L Tirioe fragmentg of IiiEltna pottery fcuml ol Red Wniow, Xt-br.* by JfrsL 
Alia Back ^rtln, by whom they were preecntotl 
&fD34. Sacred haadle of tLe Fox loiUaiiB. Pnrcbasofl ibrougb I'ninuiD 
MIctivbsian. 

a404(k Two sacred buiidles of ttie Om^ Indiana PiircbiLflGd by Francts l4i 
Fleecbe: 
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^ered haiMle fif For lodRinH- (■tirdiJiecvL lJirou);1i Dr, Trumna 
MkljcL^n- 

E50m Ao hafTjaEo-linlr rOi»e (reataj and nti Osngi* wr^ven belt Pnf- 

CbaHl^d tliroueb Prriiicta La Flfisc'hc- 

Kj 234. Two ^Ihnoliif^Enil objccbi from tbi- imtl?ca of BrHtah GiiIajuIp [irwucnl 
to Uic borean Dr. Waltpr K, Bottu of rompnMm River. British GuIjidh. 
Set of dvo [ilum^soed dice of Ibo Oimiiia rndians ncul a botile of 

Dflfil lij tbe flame fadlntL't afl iwrfump. Bre«!ati?d by FmncSfl iJt 
ru^bo. 

5&EilX t'nlr of ceremoiilfll moccaeiiie and aa Osagye o^r^tfioaiai '‘latpe.” 

PiTOebtca by Franclfl Iji Flerebi*, 

PROPERTY^ 

As stated in previous reports, the property cf the bureau of 
eiit. vain©, ©on$Ltts of its librnry, mnniieci-ipte for rcfcrctic© or public 
cution, ontl photogrttphic natives, A reasnnnblc number of cam- 
enis, dictagraphs, snd other apixiratue, chiefly for use in tlm field, 
as well as a limited stock of stationery and office supplies, necessary 
office furniture, and equipment, are also in poseesslon of the bureau. 
The sum of $S03.^l wag expended for office furniture (including fire¬ 
proof filing cases) during the year, ^52*57 for apparatus (including 
typewriters, cameras, dictagniplis, etc.), and $259.45 lor books and 
periodicals. 

Tlift niannscripts of Um bureau, many of which are of extreme 
value, are deposited in metal cases in a small room in the north 
tower of the Smithsonian Building, winch should bo made as nearly 
fircprf>of as possible. Requests for a small appropriation t© protect 
the manuscripts iigniust possible destruction have been roodo in tho 
past, but unfortunately the means have not l>een granted. The 
maniiscripts. which have lawn in the itnmodiate care of Mr, ,T. X. B. 
Hewitt, Iiave increasctl from time to lime during the year, chiefly 
by llio temporary deposit «il materials preparatory to editing for 
ptibliciition. iicntion may here Ije made, however, of the gift of 
some mainiscript Chippewa letters from tbe Rev. .losepli A. Gilfillan, 
and the acquirement of a photostat copy of tbe MotuUMaya Diction¬ 
ary, made at the exiJcnse of the bureau from the original in the John 
Carter Brown Library', at Providence, It. T.. os elsewhere noted. 
Mention may also be made of various vocabularies or parts of voenbu- 
lart^. 23 items in all, which were restored to the bureau by Jfrs. 
Louisa H. CSatschet, who found them among Dr. Gatschet's effects. 

Ml SCKI.1.AN150US, 

Ciicr/cra.—Since tbe beginning of 1010 the offices of the bdrMil 
have occupied nine rooms in tbe north tower of the .SmitlLSonian 
Building, and a room (the office of the cthnologist-in-chiirge) on die 
north side of the third floor of the eastern wing, while the library 
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hfts occupied the entire eastern p^Ucry of the large exlubition hoJl 
on the first fioort find this photogrepliic k^>oi;ratory pwirt of the gul- 
lery in the soulheastem -^tion of the old National ^luseum hnildtng. 
While the natuhil lighting of the roomE in the north towern, by reason 
of the thickness of the v^nlls and the narrawness of the ivindowa, is 
iinidcctuate, and the difrtjmee from the libraiy and tliC photographic 
Inboriitoiy^ muke.s them not readily acceagihlej the office ftii.'i!jties arc 
far better than when the bureau wan houiied in eramped reiitet! 
quarters. Aside from the photogmphie lalxu'titory and one rormi in 
the nortti tower, no part of the tmreau^s quarters is provided with 
running water. It is presumed that after the rearrangement of the 
large e-\liibitTon hall in the Smithsonian Liiilding and Its adaptaiion 
to gcneml librniy purtKiiSes the facilities of the bureau library will 
he greatly itii proved^ 

/cuve.—The office force of the bureati hnfl not been augmento»b 
ulthongh the ernrespondence has greatly incresiserl owing to tlic grow¬ 
ing demand on the bureau for information nesTpecling tin* IndianiL 
The copying of the roiifd^ manuiicrtptK, field notes^ etc,^ prepared by 
nwmliers of the hurcai^ as well ns the verificatton of quotatiojt«, 
bibiiograpliic citations^ and similar work of a minor eilltorial nature^ 
ijccessitate tlie employment of temponiry aid from time to time. 
Most of the answers to correspondents who de«rire information of a 
special character have been prepared by the ethnologkt-irnihnrge, 
but everj^ member of the Imrcau^s BCientific staff ia frci]iipnlly ruUed 
on for the same purpose to furnish iiifuniiation peii4iiiiing to his 
particular field of knowledge. 

ItEfOMAt KNDATIOXS. 

It is diificult to extend the sy^enuitic researches of the bureau 
along new and necessary lines without an increare of appropriations. 
When a special resseoerh is undotaken, several years an? often re¬ 
quired to finbh it, con^*f|ueniIy the prospectiTe income of the bureau 
for a considerable period U required to cany' out adequately tJie w ork 
in hand. Opportunities are often preiwnteil for conducting inve^ti- 
gtition^ in new fields which have to he neglected owing to lack of 
means. An increase in tlie appropriations^ of the bureau has lieen 
urged for several years^ hut unfortunately the estimates have 
been met with additlonul funds. 

liKpcctfuHy stabmilteci 

IP* W. IloROIl, 
Ethnelotf^hfhi-r^tyf, 

Dr. Ci]ABL£it D, 

Sccreiari/ of the Smitimoiuon Intttitution^ 

Woekington, D. C, 



Appendix 3 . 

REPOKT ON THE rNTERNATlOKAI. EXCHANGES. 

Sm' I bnv^t the lionor to submit the following report on tbo oiwrn* 
tioiis cjf the InLernfttjonu] Esfihunge Seririce during the fiscjil jenr 
ending June W* 1B13, 

Tlwi Mppropriatioa made by Congress for the support of the service 
during the year^ mcliiding the allotment for printing and binding^ 
was $32*200 (the same amoimt a^s appropriated for the past fiv© 
years), and the repayments from private ami departmental t^ouneCfi 
for services i:^ndered nggregated $4*249A^i, uiating tJie total available 
resources for carrying on the system of intemationai exchanges 
$36,trl9a3. 

Tlio work of the service k increasing at such a rapid rate that it 
will i>c necessary- in the near future lo a^k Congress to supply addi¬ 
tional funds. More money b needed to meet freight charges on the 
Increased numljer of boxes now shipped abroad^ and also for niisccl* 
Uneous incidental expenses incurred in connection with the work of 
the service. In 11^3, 06 per cent more packages were handled than 
in liK)S, w hen the appropriation wa^ fir^t placed at $3ifj200, and GTS 
more boxes were dispatched. Bj meami of various economitss and 
improvcmenti} in methods this incronjsc in U\q volume of business baa: 
been provided for without adding to the total co^ of the service; but 
little more can bo done in tbia direction* 

During the year 1013 the total number of package^i handled was 
338^621, an increase of 23J20, aii com pared with the preceding year. 
The weight of these packages was 503,969 pounds, an increase of 
25,257 pounds. 

The nuriiher and weight of the packages of different classes arc iu^ 
dicated in the following Uhlo: 


aitd iccighf of pacJto^^ «?wl arKf ra^ved. 
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Wlil^L 
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TlAefefTfed. 
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t^itbUraUomrfPolT*! tnwtcFnl Itif |»i1:biiD#pliU? dhwOlSbfinta- 

UnEtid SlAttf dtpftitaHminl «nl ■brflfld ^ . - - 

to ivmm litf 

MGnril&iuaiia vkatlEic aif^ UtmuT pabUoitlraMiitmbn^^ . 
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As was soiuewimi fully i^xplaiued in ymT'$ report^ the dls- 
parity ln?tvTeefi the number of packages dLspatdicd arn:l tht>s* re- 
mved in behalf of the GoTernroent is not so great fl_s indicator) by 
Ibe^ fifpires. Pnckages seat abroad iisnally contain only a ainglc 
pnhiication each, while those received in return often comprise many 
volumes. In the case of publications received in exchange for par- 
lianii^nlAry documents and some others the term package ” is applied 
to large boxes containing a hundred or more pablic&tions. No lists 
of these arc made in the Exchange Office, as the boxes are forwatikd 
to their destinations unopened. It ia ako fact that many rein mu 
for publications sent abroad reach their dcstinHlionJS direct by mail 
and not through the Exchange Service. 

Many governmental and scientific establishments and individuals, 
both in this cotintry and abroad, have sought the aid of the Interna¬ 
tional Exchange Service during the year sn procuring, as gifts or 
exchanges, certain especially desired piiblicntious. Tlic correspond¬ 
ence which Um work entaik upon the Exchange Service is consider¬ 
able and is growing in volume from year to year. Sometimes iufor- 
matioti collected by this Government, but not to be found in pub¬ 
lisher! reports^ is requested^ In these insianci^ the various govern^ 
mental bureaus furnish tlie desired data in typewritten form. 
an example of a request of tills kind received during the year, a cnj?e 
may be mentioned in which valuable statistics concerning blkter 
copper were supplied by the Bureau of the Ccns-iis and the Bureau 
of Milieu for transmission to the high comTuksiancr of the Cornmnn- 
wealth of Aii^tnilia for the use of hk home Government. Another 
requcid of this character which was complied with was one receivetl 
through the Department of State from the minister of public works 
and mine^ of Kew Zealand for publtcfttions containing the laws and 
regulations with respect to the boring, minings and sforngo of pelm- 
leitai in tho United States^ In this instance, w^hife the Bureau of 
Mincft was in a position to furnidi information on the miamg of 
petroleum on Indiah nHervations, it was necessary for the In-gtitutiun 
to write to the principal States liaving laws on the mihject in question, 
in order to obtain the desired data. It may, however, be added In 
this connection that the Bureau of Mines is engaged in collecting^ 
arranging, and nunolating all the laws, both Xational and State, 
relating to all branches of mining, including the petroleum industrv. 
and that n copy of Ihk work, when Issued, will be furnished the 
Institution for presentation to the minister of public works. 

The Department of State, in referring a communiraition from Uie 
librarian of the Brazilian Press A^ociation at Rio dc Janeiro roquet¬ 
ing aid in the eidabUshtnent of a library in that city to be composet] 
coitircly of the works of Amerioin writers, stated that while tj>e 
departmfeut itself had no facilities for obtaining such publif^tions it 
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w;is jjnrurflily tjilerestcd in havings the more imporiant works oi 
American writiiTe, wcH as the govemraental doctimonta con- 
lainiug statistical informntion, placed within easy reach of our 
neighbors in the Ijistin-Afliericaii countries, and that it would be 
gratifying to the department if the Smithsonian Institution 
should Gnd it practicable to send to the association such works and 
stalbtics regarding scienoe, literature, agriculture, industry, com- 
mei'ce, etc., a^^ might #eont suitable* The desire of the BrazLlian 
Press Association wps brought to the attention of certain govern- 
mental establishments and also of miiny scientific and literary orgam- 
nations throughout the United Stat4?s* The majority of these orgaai- 
zdtions gave the matter favorable atteutioD, fiome of them sending 
complete nets of tbeir publiciiUotis and adding the name of the Ameri¬ 
can library to their lists to reccivo future isffu^. The Smitbsonian 
Institution, I need hardly add, contributed a selection of its own 
publications. Altogether, more than 1,200 publications were rccseivtMl 
and transmitted to the BrastiUan Press Association through the Inter- 
nationnl Exchange Service os a nucleus for the proposed library. 

The chief of the bureau of publications of tbe Dcpnrtmeiit of 
Agriculture and Forestry', Peking, Chinn^ wbiJo attenditig the Seven¬ 
teenth likternationaLt Dty* Farming Congre^ as a delegate from Ids 
Govemnieiit. forwarded to this Institution, for distribution among 
the various State agricultural expcriineni stallon^, a number of copies 
of three issutiss of an agricultural joumnl published by hh bureau, 
with the request that such bulletins as the experiment stations might 
issue from time to timo be sent to his bureau In exchange. This 
matter was brought to the st tent ion of the various stations, most of 
which complied with the request by sending copied of their bulletins 
and listing the name of the Chinese Department of Agricullnrc to 
receive their publications regularly in the future. 

ilany requests for documents are received throu^ the various 
exchange bureaus abroad, whose services are made itse of by this 
Institution in procuring foreign publications for correspondentfl in 
tliis conniry. In this connection it may be mentioned that the Gov¬ 
ernment of India invariably requires that requests from establish* 
mruti^ ill tbis country for any extended series of Indian ofhria! docn* 
mants be lundc tlmiugh the Exchange Service. In such Instances 
the status of the society or est^hliidiment making the re<|Ucst is looked 
into, and statistics and other information relative thereto are fur- 
nidied the Governincnt of India with a recommojidatton^ when 
deemed advisable, that the desired documents be fumished. 

Thu foregoing are only a few of the important Sustancea in which 
the Institution has aided foreign establishments in obtaining pub¬ 
lications, iu puraiianoe of a policy of international helpfulness, which 
4481 : 13 '— AM -& 
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b> of bcac6t to tlie larger intelJeetusl iind economic interesUf of liolii 
the Uolted States and forrigii countries. JIany other requests of 
similar nntnni have been receiTcd from correspondents in this country 
and abroad. ^ 

Tlir Institution continues to assi.st the Libmrj- of Congress in com¬ 
pleting its collections of foreign govemmental documents. 

Mention was made last year of the fact that packages containing 
sciendfic and literary publications recciired from establishments and 
individuals in the United State-s for transmission through the Ex¬ 
change Service to miscellaneous addresses in the various Provinces of 
Uie Union of South Africa were forwnrde<1 to certain governmental 
PstabLshments in those Provinces for distribution, and that the Gov¬ 
ernment of the Union had been approached with a view to having 
only one agency for the entire Union. It is now gratifving to state 
that this request has been complied with, the Government Printing 
Works at Pretoria hamng been designated to carry on the exebanm 
work. Packages received in the future for addresses in any of the 
rrovinct^ of the Union will therefore be transmitted to the Govern¬ 
ment Printing Works for distribution. This change wii] elTcct a 
giving to the InMitulion in freight charges, and will also. I have no 
doubt, improve the servdre with South Africa. If a similar m-range- 
ment could be made with tho Common wealth of .Aiifitraiia it would 
have decided a,ivontnge« over the present metliml of forwarding con 
n^ownts to SIS different addresses in that Commonwealth for dis- 
tnbutmn Tlie matter is now being considered by the Speaker of the 
rionso nf Repre^ntativca of the Commonwealth of Australia, who is 
flU chairman of the Iibiary committee. Tho Institution has broucht 

ndvantages to lie derived f™u 
h.»ing one rentral exchange agency in Australia and has urged him 

to kj 

lr.™lerrH fr„m .h, 

liS™< Department to the newly formed Government Pi.b- 

heatms D^artment, wnsignments for distribution in that cotmtrv 

of the Govern^- 

IT Department, Cairo. It should be 

as a matter of record in this connection that the bnsinesdik! 
^ais upon which the exdnuige service between Egvot and th.. j 

^nnection therewith has resulted in the prompt deliverv of packl^ 
to cori^pondents in both countries. ery or packages 

A cireiilar was received during the year from the T?*o,T.ir ^ 

Mes^o, stating that a Service of Escha4eg had been establUhS 
tbe Department of Public Works. ^ established in 
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Of tin? 2^7 bose^ in furwarding exchanges to foreign bu- 
reatiij and agxmcjes for distribution (an increase of 102 over 1012), 
38G boxes contained full sets of United States ofEeial documents for 
aiitborized depositories* and 2J01 were filled with departmental and 
other publications for depositories of parti&I sets and for miscet- 
iancoiis cori^spondonts. The number of boxes sent to each foreign 
country and the dates of transmi^ion are shown in the following 
table: 

of e^chanffes for foreiffn onuntrio^. 


t'iffnilFy, 

j NnnibOT 
jiaClJOW. 

Date of tniuniiBiaa. 

. 

a 

Jidf Aiif- IS, OcLSAi Kov.3S^ 1911; Jah. r*b. Afr^ 

S^JusAl.Tb, 1911. 


1 

Jidj in Auf- 7* Si5iL 14 OflL Sfc Otc, ll. 1*13; Jan. !, F<ib, Ji, d;, 

Apr. II, U&J 14 JtuM Up 1919. 

axtaarii............... 

77 

Jltljrflv Au*. 17 ,54 S*(rf, »> Oct 13, Nw, lA^ £>«. 41913; IoXl 11, 
Fria. 4 UlHf. i, Apf. 14 UAy A, JicDA?, 34 I'^n. 

noiivu.......... ...... 

A 

Aii«.3t Kct. »L m3; F«h. 37, Aiir.t, 19I3U 

UmiLElL __ 

47 

/yly 31, S^t 54 Oft »j Her, 35, tm ,!«, UCt J«t lA, F-b, 

3Sy Apr. 4 Jeuk 5, 3a, iBia. 

ituTun 

17 

July 413f Auf. 3,10, 17, Bifit 7^ 3l,>*Cf. 14 1313; rt&. 9| 14 ICKr.33i 
Z9, Apf. 14 M*y 1 , 3t, June 4 37^ iTU. 

irurmi 

t 

SipL 14 Oct 31,1913; Jul 23, Fris. 34 J 1 U 0 14 191L 

mndAHEA ... .. 1,.., 

» 

J4tt,4 rrtt 37, Apr ,4 Jun# 14 I3m 

CU^JJU,_ ___ 

1 

JiOy i4 Ai^aip D«C. 4 1312; Fb^. 1, Uat. 13^ May 4 TunvaS, 

CUttJL... 

39 

jtUy w, Aat M, Sipt 34 N«.»r au9; i\ rrit ai, Ape^jp 4 uem 

4 2fhK 1313. 

f^anci-,, . . 

U 

Ji4ly S4fl^ Aui.lt. 13, Nor. 4 Pw. 4 14 1913; 3ui,3,39p 

1 p Mu. Ip 4 IAt Apr. 39, Maj 5, Jem# 14 ^ 1913L 

Couqiui^, ........ . .. .... 

» 

H^iitr340cJtS!t,Neii^, 34 1*13; J«i3. lAp ri(l>. 3S, Arr^ 4/u«*4 1*13, 


]A 

Jnly 31, Aiip. 24 SepL 34 Nm*. 94 1913; Jul, 14 FbIsi^. 34 Apr. 4 
7041# t,», 190. 

CJtmA.................. 

7 

July 94 Aof. ITw. 4 lAl3: Fitb, Ip Mu. Up May 4 Jeom S 4 UlA 

DEsnuui..., , 

3A 

July 34 Aat. 14 Bqit 19^ Oct 17,Ncr. 14 Dec. 141914 Jail. 14 Fc^i. 
Mot. 34 Apr. 14 May 3 I 4 Juu If, 1*13;. 

.. 

4 

Aui- 24 2tfwf.90. IPia; 4 »ti_ 39, Frti. 27^ Maj 1. J«»4 ISd- 

E(iTTT._ .. 

» 

Ai 4 k. 14 SffiL N, Oct 14 Nqc. B, Dwi. 34 1*13; Fitk 4 Mu.B, Ajv> 
24MAy9l,Jai]e», UU. 

FaAK:CC...... .......... 

lEU 

July It as, Aiig. LSp e<pL 14 OcE^i, U, M. 5,34 I9l3; 

JftQ. 14 99^ Fib. U, Mu. 4 77. Apr. 14 H, May Zt June 14 39,19P. 


*32 1 

July 4 Sp J 4 B, 34 Aiv- 4 Pt Wp Sept 9 ,14 17h 3t OcL t S, 14 
34 29^ Not. 7,19,34 Dw. 1,10, 17 ,», IfiU; Jul 4 14, 31,34 F«b. 
4 11, Jf> ^ JtiT. It 14 *4 Apr. t 4 14 34 39 ^ liny 4 13,34 Z7^ 
Juki 4 14 I t 3t 1*13, 

OftC^T a»TA|i^ AKb 
IUXA3n». 

m 

jQly 4 l3.3437, A 4 t- 41417 , atAU Btpt 7 p It a, a, Oet 4 «, W. 34 
Not. 4 iflA 33>^ I>tB.7, lipH. 1913: Jut4, lip l^SSp Fflfa. t 4 14 
tt. Mu. 1,4 1432 , as, Apr. 4, tl, L4 lilftF 4 41434.31. Jalu4 
H, 3t 374 1*14 

OMtent .......! 

19 

Abi. 11 , Oct 3t 1*13: Jut 4 Ft^.37, Apr.4 JUH 14 », 1913. 

OtfAmu^.. _ _ 

» 

Adf. 34 Not. so, 1913; Jul 34 Fi^. 37, M»y t 9,191^ 


f 

Jelly ^ SrpA *, IMI: Jul 3, Fife. 34 Apf .4 )iiiii7, SD, 1*13, 

HOXtitrEAiL .. 

fl i 

Adi- 34 NOT. 14 IffU; Jia. 311, FCt^- 37, Mmj t, Jon#*, 1HJ_ 

urwoAat. 

4£ 1 

Jt4T 14 Asji- 4a*pL It Oct. t. Not. an. Dm 11,1913; Jm, 4 Fflb. Bp 
Mu. 14 Apf r 9, M#y It, Juua 11 30, im. 

tpntu.„. . 

M 

July 4 30,77, ATai-4 14 17,3*>lt H. 31,34 Ort. 4 13,34 

Not. 14 34 niv. 7, J4, liU; Jul 4, 14 », Fib. 4 I 4 Mu. 134 flp 
Apr. It May*1, Jem 477 ^ S*14 
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* AS3TTAL SEMUT 5MlTH3i03nAN raSTlTliTIOX^ ID13* 
0/ cfcAan^f^ f^r fareisn ijoiiiiirtt'.*—Ccmdntted- 


Caoiilri'.. 

^ara.bcEf 

PlUixai. 


I07 

__ 

JaMUiA. 

8 

tUAM ... 

M 

ITri^w m __ 

1 

LB*1U-. . 

5 

topiuEvco MAJUOinui., 

3 

Hawrftuix . 

j 

14'KXT'^r- _-. 

y 

M(H%Ei£aua..... 

3 

MiHTOUJJIW..-.. 

m 

NETrocinHAirb. .. 

1 

ffsw SOFTK Wa™,„ 

ai 

Krr Fkajako......**. 

SS 

^inaiura^A .. 

4 


u 

OlFTiUiA>. . 

T 

PailBTEfl, ......... . 

t 

PalatTDAT .. 

a 

Ffcan.*. .. 

IS 

Fiw^O^l-.. .. 

zt 

^VAsac....... 

J 

QomrinTOp ...... 

so 

fcouiiAiru. .. 

n 

H131BI4„„ .. 

fts 

RuTapoA,_ __ 

A 

eayu. ... 

li 

Htxig 


SotTrn Atwtiahi,_ 

33 

STABT. .. 

35 

Fwimm.- .. _ 

59 

B'HIIIUUjLMIV ...++* 

Ai 

Brmia... .. 

J 

Tanfayia _ _ 

II 

TKkead. .. 

5 

. 

11 

VHibJC gr Bom 

3S 

Amu 



PkU ai tnuumlastaziH 


July Atd^. IX S#pl. 13. OcL Npif. S85, mit, 3j^ IDt:^ Ftft., S, aikr, 

^ 12, Mbf Jrau SS, 1913. 

B^U il, SurT.^O, urn JtsjL HX Mb^ It Joim l^ im. 

Jtilj ». AElfrS. E»iit. OoL 17/Sot. |^9DL 1913^ F4lt. 

90, Uir. 9Di, Apr. IT^ Ilua^O, I0JA. 

34?(-17, Kbv. 30,19127 7fb. 9a^ UAj 1, Jmu 3^ im 
fltpt S*pr. 30,1913; rdj. 38, SCft^ 1, Jau IS, im 
r«b. 27, jLm43^ 1213. 

Jtay Adf. 33,1^. X m2; rrt. 1. Wa. U,. Maj f, Jttm ^ 191A 
JlJfM. Atti.31, D«. 3,1919; Pih. 1^ J€*f. U, 3^ 1913. 

74b. 37, JuQf «, 1213, 

Jd^O, 30^ Ai^. 10, Oft, X >'bt. 1^ Dm JI^ WIU Jul 

Fill, 11, mt. li, 93, A\v. St Mb y \ 93^ Jdj» IT, 33, 1013* 

Jdr31. 1013; M&r. 90; Juu JX 1913. 

Joly 35^ Aug.21, Sfpt. «, Of«. 17, Noif. 31, ISU^ Jail 15, 7ib. 30, Mar, 
Sfl^ Ajif. 1*. Miy ^ JiEM lB, 3013. 

J(dT ^ Aof. ai, fl*pL 34, OfiU 1*T Neir. ES, 1913; Jml 15, Fob.31^ 
Mof. 9Si Apr. 1^ liny 36p 1913. 

SitfV. M, m2i F*b. 37, Miy 1, Jhhb fi, I0l3, 

Jidr 21. Ant. 13, Brpt 30, OoL 13, Naf. IS, Iflll; Jab. 3p Fria, U, Mbt. 

3^ Apr. 13, Mdj Zl, Jua* 2h 1013. 

JbiylO. ABt.31. Pk. X I'flb. 1. Mur. 13, ifay S, Jubw aj^ jjix 
Fib. 3S, May Alp JBUL 

Jitly 9f, At^Zr^Kw, St^ 1913; Frii. 37, Apr.Z, Ju^T, mu. 

Jidy Si, Alft. Sip BipL a^Nmr.», 1BJ3; Jm lA, Frii. as, Apf, 3, Jech 

3w3fi;i9la. 

July 50, Aiit IAp Eapt. ftet. IT, Kor. lA 1913; Jan. 3, Frt,. H, Mw. 

30r Apr. Up Why 31, Iin» 3Cl^ 1013. 

July 30, ASH. 31, I>«. 3, m 2 ; Fris. 1 , Jjkr, ia. May A, J,i» 3 D; IflU. 
JHly », Aih.31p BtpL Si, Oulu 3A Npt. 31, IQU; Jul 1A F>b. a. Mm. 
ApTr Iftp May 36, Smm 33, UfD. 

Aod.aSpflipuyT, Now. a, lam jml ji. Fst,, sr, Apr, s^. tuu lo, im. 
Joly IX AOf ^ a*pt 10, Ort. H D« W, 19I2; 

Mar. U, Apr. 10, Hay 15, J™ 13^ jjia, 

AtH^ as, Kw^ao, 1*137 r«b. 37, Hay 9, i9U. 

July 30, Adt.a^Oerpt 97* UHS- 3, Fab, 27, Apr. Ju» 10^ 50, lOlJ. 

EapL 15, Xoif. X ISlt; Jm. 3p Fib- 38, Hay 1, Jum lA, IflU. 

July a, Ani.ZI, IJcrt. 17, Iftu; Jw. ia, 

»S Apr, life May ai^iuDsZV im 

AHi. 6^13,02LSlkMw.30; Dvi.38^ 1013; F4b, S, Mir.22. MiTi 
UpJlttli 93,1013. 

July ADI. 13, (>ct_ IOpNoT.ai, Pw. I3, mx Jib_ 0. Fth. % 

Mat. It, Apr. to, May U, Jelob 12,9D; 1013^ 

Jidy fl, 37* Aim. 17, H, fifpl^lO, OcL 1^. bJgr. 15^ paO. T, ^ 1913; Ann. 
1J, Fib. 4 Mar. A 39, Apr. U, May a* Juno y^ SSj 1013. 
ja. 1013 ; Ixn. Apr. 3 ft, Juaa VX lOlA 
Jdy 90,1912; Fib. X Har », 39, Apr. 35, Hay Si, Jus* 57, SOU 
Bapt. 14 Snr.ae. 1*15; Ftb. 9s, May I, Jana 28,1913. 
jQly 3t, Ant- Up 6#pL IS, Ort. II, Ntfr. 4 luia; Jan. S, Fab. a, «. 
Apr. 5, Jana 10,1913, 

Jdy 34 AIH, 99, ae* cw. so, Ner* 25, loti; Jaa. 24281^*1.3? 
Apr. 3, May 10, Jma 90, mi. w.^r. 
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’^■OiaibK 

OiSit Enuunilffdaa. 



JaIjSip Ahe^SS, Bopt. as, WU; Jjua, JJ, Fib. ^ Apr, 

3. Jw an, UH3. 

VreMFCLA., , „, 

14 

Jwily Jl, Atli. as, SqiL an, Nmr, mt 1913; Jm. reb. Apr. t, 

IuhaTkI^IA. 

Tictoiul..,. 

31 

mf%A'a^. Bp OoL 18, JSov. 31, IMJ; Jan. lA Fsb. ^ Mat. 

SB, lA Maj SB, Jim* UUA 

WttmiJt AdSTAALLI.. 

n 

Jijlr ft, 13, Auff. IT, 74, Stpt 7,14, 31, OflL U, Nw.S, 19,30^ D*s.7p H, 
Itta; lAn. 4, l\ 35, Fib. LD, ilu. 1, 29, Apr. U, 3S, Miiy SI.JiUM B, 
37, im. 

WmpwAKii! uny Ln^ 


' 0«.3I, >'bv. 30L Feb. SS^ Uny It 3aA* lA IBU. 


A [lari of the coiiteiita of a forwarded under date of 

May 14 (boxes Nos. 1640-1C46 and TSOfl) wiia dantaged by water 
while in transit to the Ceiitml Statistie4il Cuuimksipn in Yieumi. 
Steps will be taken to duplicate many of the damaged publications 
ns are available for distribution. 

POEElItSX I}KJK}^VWllim OF EXITED STATER qOVKKKittlK^AL 

DOCI^MENTS. 

In accordance with treaty stipnktions, anii under tlie Hiithority 
of tbe resolutioDs of Congre^ of March % 186Tj and ^farcli 2^ 1901^ 
setting apart a certain number of documenta for exchange with for¬ 
eign countries^ tliere are now sent regubLrly to depositories abroad 
56 full sets of tTnited States official publjcatioiis and M partial sets- 
During the year the Province of Bombay and tbe Corporation of 
Glasgow were added to the list of recipienb of full sets; and Finland^ 
British Guiana, thu Free City of Lub^k^ and the Provinc^j of ]^fadras 
to the Hat receiving partial seta. WbUa Finland and tbe Province 
of 3fadrns were added to the list of countries receiving partial sets 
in Noveniber;r 1012j the Libmry of Congresij ha^ so far as it ivaa 
possible to do so, completed the series from ltK)2 to tlmt time:* 

The recipients of full and partial seta are as follows^ 

DETustTomea or rrtL snm. 

AROZJiTrNA t MiblAterlo dc Relndoaes Eatteriom, BuenCfl Alre«. 

AuaTOALiAi LlLrary ot the CfliuiiH>nweunii PuriJaiijent, I^Eelbourae. 

AtmtalA; K. K, Statlstlsctie Zentntl-KoamilaitlMii, Vl-eoDa. 

B&aEzt; UiilveiiKftiltAHl^lJotbL'k, Frelbujif. (lleixiKdtcrr tinioil Diictaj 

of Ba J0D.> 

BaVaiha: ECDlaUclie and gULaiSH^BiaiLolilialE^ MmilelL 
Batatuii: BlbllchLli^jae Hoyali^ Brassela. 

Bo¥BAir: Secretary to Uie tiDi'crtiiiLCiur,, Boiubay, 

BaAtir: Blbllatlieim Nacioul, Hlo de Janeiro, 
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BuE^Da Amis: EfbUiiittiai de In Ttilv^iraldad Kftcloiml d« La Plata. (DeiiOAl- 
mzj of th^ FcoTince of BueuM Ali^> 

Q^Aitx: Llbrarj iif Potlliuiifilitp OttnwA. 

CniLE: BIblloteCfl del Cons^emy NndomiiL BanUnfiiJr 

Ciii»a: Amerlcaji-CblnR=e f^bUcarloa E;icctmiige Deiuartnmut* Stwnstwt Hureno 
fit FoieliTQ AirolEB, ShungluiL 
OdLoaiEu: Blblloteca Nnctoaulp 

C^CMTA ItiCTA: OQelaa de I>ct>0stto j Cntije Ititemnclotinl d* FobUencloues^ Ban 

CulLLi Beeretariu de f CdDje liiltinuieloflitl>« 

Dezcuabe : Kiongell^ BlbllotbeLetp Copenlwgeix 
EirauLJfP: BrlUab 31naeum« Londun. 

FiAiicE: BlbiloEbj^iiio NEitloimle, Fnrla, 

GiBAiATfi'^; DenliKrliQ ReicbatagiJ^Biyidiliekp BertLn. 

QtMoe^z City UbrnEiniip MUi:hell Llbrnty* OluBgPw. 

Okkccb : BtbUotli^iHr XatlonaLe, AtbetiH. 

Haite! dea liGlailmiB E^Ll^rlinijrGft, Port mi Prlui^jL 

HtmoAmV : HDiifiiirf4ia Hons0 of Pdcsut^ Bndn|i^. 

licBiAt XibiiftrLmctit of Educutlan Goiwnuiiuiit pf ItidLn, CAicirtu. 

Ibxlakb : N4tioiiH.I Library of li^niL OnbLLn^ 

Italt ! BiblLoEeea ^foxloaolo Vittorio Emaouelep Bome. 

Jazan; Imperial Ubniry of JopitDp Tokyo. 

ijo^iDOTi; LoMod School of Ei^nomiea nod FoUtlcnl Science. {Depository of 
the Londou Coontj CoundL) 

Manitoba: rrovliielaL Llbraryp Wliinlpoi^. 

Uexicu: InstStiitD BlbllofrrfibeOp Bfbllotecn NacEdooL MoxIcOp 
TiwTHssLA^fMs j Library of tbo Statell CliJherpL The Itnjfue. 

New South Wai^; Fobde Library of New Booth Walea, Sydney. 

Nkw 2iCAirAyp 1 Geoorml Aaaoiubly Library, WbUln^^oiL 
NoftWAT; StorthlnpetB Blbllothek, Chiiatlaiiiiu 
OKtAiuo: Leelolative Llhniry. ToroatiK 
Pajus : Pr^foeturv de in Seiiw. 

Ptac j Biblloiecii Noctotml, LI inn. 

Poktuoal: SlbllotliiHn Nnelonnl, Llthon. 

ParnaiA; E5idgllLhe BlbLEotbek. Berlin. 

QtnaiKc; Uhrnry of the Le^elature ut the Frorliice of Qiiebi^p Quebec 
QcnatfrRLANn: Farllaiiioiitary Library-, Brlabjiue. 

BreatAt Imperial Fnhllc IJbraryp St. Feteraborp, 

Saxdet: KQnlEllcbo Delfeuillrbe BlbtloLttek, Brnden. 

SEEtTA: Seetka AdndnJvtnitlve du MLalst^ra dea Affaires ^traiig^ruA, BelErrnde, 
South AiramAi.u: Farllaatentaiy Uhiury,. Adelaide. 

STAlst: Serrlelodol Cmobio InteraachiQa] de FiJblLeai.1oncs> Coerpo FacaUatlvo 
de Aieblwrv^ Blbltoteearloa y Anjuedlo^ufi, Madrid. 

SwKniuf: KunfligiL Blbllotebet, Stockholm. 

BwniiVLAya; BibElotb^ne Iteme. 

TAAUAfiU: Ffirlinniimtary Library^ Hoburt 

TtruECT: i;>eimrtmcnt of Public IrutmcHoEu Cooiitantinoplo^ 

Uflicdw or Soimt ArucA ; State Library, Pretoria, TraiiyroaL 
Ukouat : Oflclna de Onje inioniftclotial do Fnbllcnelonee^ Montei ldeOp 
Yetouela : Btblloieca NoelotmL Cnrflcaa 
VicTOEiA: Public library, Melbiiurn& 

Wehtebs AusmAUA: Pphlle Llhraij of Weetem Aiiatra]la, Hertb. 
WDETTEMBEao: KooEeHchc Lacdnihlbllothok. SlnttKart 
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Of setm* 

Auats^tA: library, Eilt^ntOEL 

AL&Ace-LO^RM^rfi; !C ^nuifiterlum fDr RTna^-lioUlTlnffen^ StrAB^bunr. 

Rdlitia: Mlnl^fU-do do CoIoDlmolAii j A^rkultunt^ La Pra, 

Buiiuur t geojiT^bummlJiliiu fllr Relebti- iind jUiEekg®iliultfiL 

Bhitiau Coi-viiBLA; Legislative Librarp, Vleiorln. 

Bimaii OiHASAt Govenmicait Secretary's Ofttet, GeoTeetowrOi DeuMuram- 
BuiiiAaiA: MLnJater of Forel[^ AtfaIrS, BoOa^ 

CEYXQ?tt UDlted 8Liit<s CV^iiBiil, Coloral>Or 
EtTUADOBt Blbllolcea NaHcmBlT Quitot 
Ectytt: BlbllQtlj^iLEe Kbf-divlaie, Calfo- 
Frsuisp ^ CMneofy of Gflvenwfi Heialngtora 
QTTATZUA 1 .AI Secretary of ibe Ooiwnmi«it, Gnntcmnla. 

HuiDuifo: SefinlakoTnitilMKlDSi ftlr die BelcJni- und Au^wilrtlgeb AOgclcKCnboUeiL 
IIesbe: GrD€^tlerx<»^Hctic Hof-^BllilloUie'kp DarniiFtadf. 

Holfot'O^^a t Secretary of tlie Government Tpgiiv(Eulj». 

Jamaica: Calontal S«mtni-j', Kloindoii, 

LsDEKiA; 3>c{»rtEDCtkt of Stiktc, Alonrovlik, 

Lo^rawco JLkj.^ui3: Government Libre !>% lAitirencn Mar^nea- 
LTwcic: FresEdaut n£ tlio Simnte. 

HrADiLLB^ PKJVLjfrE Of: dtlcf SeCTStiiry to tb* Goveniiuetit of ^ludrafiv rubllc 
Dci^artiiiont. Mndres. 

Maitat Lleutennm Govitdov, Valettn- 

Mn7ctli:?rsaaa ■ HInktere AAiireB ^rang^re^p Cctlnje. 

Kctt BacKHWicic: Leglfllatlve Ubreiy. FpodcrlctoiL 
NswroV!nit.ASa: Colontnl Secretaryi Rl Jolm's. 

Nicaraooa: Snperlnteadcnle de Afcblvo® Nficfonnieup IfiiiwgUiiU 
XowrilWEaT ToaifoaiESH' Governm^t tilirnry^ Ri^lua. 

^ovA ScnriA l Ebrovincifll Secrelnry of J'lova Scotia^ HallBix. 

PA-TAUAr Si>crctarlfl do Relaeiottea EslyrloreSp Paniiimi. 

Pakaquay : Odclna General do Inml^aclon, Asandoiip 
Parsn: Edwajid l?lihA:<b: tAfRljdotlre Llbreiy, Cbartottetown* 

HaimABTA: Acfidcmlii Botaema^ BaebaresL 

f^ALVADOBi 3hIlDlHtM-Lo do Pcinckiicft EitcrJoim San SftIvadoPi 

Siam: Dcpartiikent of Furelgti AJ&iLrSp Bangholr. 

Sm^uTB SerruudEBTs: OolonLELl Sccretnir^ SliigaooF& 

Ubitki Pboosceb or AuSa aw Otrnii: XTnder Secretary to Goremiiieiit AllA- 
bfibad. 

ViESB .%1 BQrgeniaelJrter dcr nnti|it^ und Hcaldoni-StadL 

lOTEEPABLlAMEXTARY EXClUXOE OF OmOfAL JOURNALS. 

Thfj interpnrliamciitflry exchange of ofheial Icoirhals b carried on 
ittidcr a resolution of the Congress approved March 4, IflCW, seiting 
aside such number as might be rcnulred, not exceeding 100 copies, 
of the daily issue of the Congressional Record for exchange, tlirongh 
the agency of the Smitlisonian Institution, with tlio legislative cham¬ 
bers of such foreign Governments as might agree to send to the 
I'nitcd Stato current copies of tlieir parliamentary records or like 
publications. The purpose of tins resolution oraK to enable the in¬ 
stitution- on the part of the United States, to more fully carry into 
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effect the proTisions of the convention concluded ut in 18S0| 

providing for die imniedinte exchange of the official journal 
The Governments of the Province of Buenos Aires, Inberia, and 
Queensland have entered mto this exchange durmg the A 

complete list of the Govemiiients to which the Congressional Record 
is now sent Is given bdow i 


Ansentlue KefiubUc. 
ATutraUn, 

AO^rlu. 

BaJcel 

BelKlLim. 

BrulL 

BUDCicft Alroi, Ftcvtnqe ot 
G^nnila. 

Cub*. 

ri ofimh ylf. 

France, 
lirvat BrifaLa 
Greece. 

BondiiraflL 

Hnogury^ 


Liberia, 

Kew W'rtlea^ 

New 5^euln»d. 
PertesRl. 

Pm win, 

QueeiissEaiiiL 

Reuimitla. 

BlLfWtU. 

aer\Ja. 

flpitio. 

Swltzerliiud. 

TmiiHvanL 

Union of Rontli AfrlcM. 
Umgunjr. 

Weatoni Auatmlla. 


There nre^ therefore, at present R2 coimtrics with which tlie irnme- 
dinte exchntigo is conducted. To some of these countries^ however, 
two copies of the Congressional Record are sent, ono to the upper 
and one to the lower House of Parliament—the total number trans¬ 
mitted being 3T» 


RULE^ GOVEftMNG THE TRANRMl I OK OP KXOELiNilE^ 


The circular containing the rules goveming the tmiismission of 
exchanges has hem revised^ and U here reproduceii for the informa¬ 
tion of those who imy wish to make use of tlie facilities of the serv¬ 
ice ill tile furwardlng of publications. 


Im (-ffectlaif tliD dlfltrRiutloiu of its Arai ralillcntlpna rtbrontl, tlio ^mhbi^iiliui 
luatHutfion cfUsiblLiheij rektlooH wlUi certntD fonelga nicli-atiac Boeterleannd Ulini- 
rim bv iMans of wUlcli Et wjia enabled to inaterlELUy nj^lRt InpUtuLlDan nnij ludi- 
viauAla uf tbia ccautfT In tbo tmiismlsslcin of ibeEr nublu-atlana nliroad. and alsH> 
fore^Kn HxdctJea fkM li:idLvldijaIa la dlatribtiUai: ilielr rnbH^NitLanfl lu tbe UalUN] 

HEatCri, 


III Ttce&t TmT» tlie SmitbjionJiia ijoahuLlnn Lna bwa ebnrsed wHli ihe^ duty 
of coQiIaeiltiif tbe official f^clmngc Hareiia of tlie United Static Govennttent, 
tbroui^b which the jnabllcatlans by Conereas iiro excbatiacd tboae 

of olbor Govemmebta; ami by a fortnnl treaty 1 l pclo no IntenueOlary tidwoen 
the Icflmtd bodS^ti and KrleaUfic nad Uterary audettea of tlie Odotractiag States 
for the r^cootSoa ntid tTEiiiamlssdati of tbelr pubUcatlotuk 


Attention £4 allied to the Cad: tbnt thJa la an iDterant^ouri]: and not a ilameaUc 
excminoo eervlee, and that U Tb to facUUote caebanj-oa U-Eween tbi- 

trnUed Stnt4» ami other couiiirEHi only* Am ticbaiiBeB fn^tn domwCte aouives 
for aiMTMses Ui Hawaii, the PhiUiaFiatt lalauds, Porto Bleo, ami other lerrStoir 


ilEPOET or THT! SECW-TAltT. 73 

to tZie jurlBilJotlon uf tlkt? nnJtiHl Bliklm do iiui miw wSlMu tliL- dii^enn- 
Hou InlemtitJoiiLiiU'" thev ate not Bcc^optcd for tranamlEaloiL 

p[ickfigv« prt’iwired ia ftomrdflJioi?' wQi tlit> mlea mininorat^d litiiOTv will t*o 
tiKiUfTetl hy tlie ^mlthsorilan InstltTitlQn from perecms ar LnsUtuttou^F of kiaruliiu 
In the Udlted SteirDs and forwarded to their d£fftiiintlou!i ubroail LtimLig:!:] ItA 
tiwtt agente or throiieli the I'arioua eichanffo burHiiff lu other eountrle^ Ths 
ScniOiM>ii1im n^Dta and many of UieHe bureaus will llkewlao recelio from ceire- 
BjHmdoDtB In their eountrlei aneh pnbVlcDtlons for addiofiSi!^ In the United ^thtea 
Dud terrEtoiT Bubjeet to Itp JurlKdletloti nn. niay be dclitereU to them under rnle^ 
slmllnr to tlioBO pteaerlhed herelD. nml will forwurd them to Woiddngtoa, after 
wMcli tlie InaUttitJou will miilertBice their dlBtrlbuUon. 

On ibe receipt of a eenldgiuiient from a ilemoatle Bource It U iiBslgneit p 
** m»itl number," w'hich number to j^lneed un eoelt eoulDimM) t bereln. 

After tbe poekatfeif hare been recorded th^ are packed In boxi^s with iiackaiteit 
from other Beuilers Intended for the snine countries nnd an- forw'ardeij by fust 
freight to the bureann or agenetc? abroad which have umlertakeu to dlHtrlbutc 
exehaD|p>3 In tbof^ count lies. To Gn-at Britnlu and Germany ablpmentu are 
made wec^kly; to all other eoirntrleB at interrals not esccoedlng one montta 

ConirlfiiUii^im fraui abroad for i;orn>BpoiidenlM In the United states niul Ltn 
cutlyliij| [lOf^i'KsJciiiH are dlfltrit^ntcd by mull nudcr fniiikr 

Tlie Iti.^atut|on a^^sumea no reflpcinalhlUty In the truu^mb^lon of 
IntniBtcd to Ito care, bnt at oil times uses Its best endeavors to fcrw^ard exehan^t'^ 
to their UeetlunLloDK ua promptly as imsslble. 

The mlcB governing tber BmlthHohin Intematlomil lihcchnuee S^r?lCO are a a 
fopLIows; 

U CdhHi^nmtmtfl from correBpondeata In the Unltea Stated eontaSnlnj: puck' 
agoa for tmtiMiilaslou abroad idinuld be addreeaed ‘‘ Smlthseiilan luaUtntlon, 
IntonuLtlonal E\ebangeflp Waoldn^^onH D. 0/’ 

2. In forwarding a eoaslgnmeat the sender should mall a loiter to the Insdb 
tutlouj atatlng hy what route It 1 e being sMppedp nnd the niunbor of boKoM Of 
parcola w'hlah It eomprlsea. A Hat giving the name and addresg of cun- 
rlgueo flhould alao be furaLsbeiL 

B. Packages ahouM be leglblj addressed, uBlng, when praetIctiUIo, the lah^ 
gnage of the eonntry to whleh they are to be forwarded. In order fo a^^Ml 
any poB^ble dispute no to owuershipk luunos of ladividtihlB shrould be omitted 
from pfickages intended for liocletl^ oud other estahllohipehhh 

4. Packages should be fiet;utiely terapiioit In stout itaper ntid, wbeo ntx^^mry, 
Ued with strong twine. Chrdboard ohouM he useiS In som? Instances to protect 
plates from crmupLlng. 

fi* t«Ctertf are not permitted In exchange patkoges 

d. If donors desire acknowledgmenlA imekages may coiifaJu rerolpt fi>rma to 
be signed and rotumod by the eatabllehmeut or Indlrldual addressed. Should 
tHihllcfltlons be de$lmL Ih exchouge, n retineBt to that effect may be printed on 
the receipt form or <m the package. 

T- E^dmngps intended for tnmsndsfllon abnood must be deUrered to the 
Smlthnonlun InBtltatlon wftil oR charffc^ fo TTuthfAploil prcpdfd, 

ft The work carried Oli by the Intematlcuuil Exchange Serrlce la not In any 
Bense of a eonimercinl nature, bat la restricted to Ute iransniiit^Een of publl^m- 
tlons seut ns exchanges or donations. Booka ordered througb Gie tmdc ore 
therefore neceBButtiy exclnded. 

5. Speclnuma are not aecepte<l for distrihutiun, except wheu pertuioilou haii 
been ubEalt^ from tho fuatltntlim. 
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LIST OF BUREAUa OB AGBXCIHS THROUGH WHICH EXCHAXOBS AAH 

TRANSMITTED. 


Tte follow bg it. a list ct 'buiriL'auB or ugonizles tliit>usli whJcli oscluLn|f» 
are trimamlttnli 
ATJiiaTA, vfd Fmtice. 

Angola., fid PortugnL 

AMLEfinTis: CotiUiil6il rtotectom do Blbliotocaa Poiaulfin^ Rf^rOnqnlBUt 

AwTtiA: K; K, ilStittlHtlHcbe ZoDtml-KoumiJttHloq, VEotmii. 
iMo FortugnJ. 

Uia^iVM Z Service B^gf^ doa li^torfUJiktluiiiT^ Rue du Miis^^C^HruwleL 

BtiLm.v: 0£lciim Nadoiutl do Kstodrstlcn, Lo Pak, 

BAAjtiL; di* PoRtHJtfloiJett Intomnoloiuitta, BEbllotliwi Nnolonal, HU do 

JiuiOlro. 

BAniKXi OoT-oaiEfli Cmwti Agontfl for tin? Oolomi?ii, I^ODdoii.* 

llAirmu (ScTTA^.v: Royal AgrieulturuJ nuA Coniroeivlal gtoclety^ <h*%^r^ift»wiL 

Btirmi Ho^tPt-iufi: Colobbil Seprotary. 

Buliuliiia : HwtltullouB BdontrUqucs do S. M. li* Hul do BdlgnHo^ ^oDa, 

Canary Isij^^foij, pto ^pmlu, 

CmjJE’ BprvEriia do G»eiJ« Intcrrmploiaalea, BlbUo|[icA ^aiclona^ E^itntlago, 
CiiisAj Zl-lai-weE Db«erratoryi j^tmliglui!. 

Cou>ui][a: OOoina do Cnujoa ItiEonmelooaloa y BjefmrtD, BHnllotom XtioEbtiel, 
BogoLi. 

CoffTA Bic-'a: Odi-Enn do Bopdrito j Crtnlo lidenmrioiml di« FublEcnelDlmi Rnn 
Jos^^ 


jytLSMXtKt KunsoEEgo Dnniiko VEdouBtaboroefi, Sidabab, Coiienbag^ 

EHircn driAjSA: SurliuiamAcbo KoIonEulo BiblEotbocIc. PitinjiLiirllw. 

Bki^APOu: Mitilfatprfo do Bobdonoa EirtorEoi^, Quitijt 

Eom : Govpmto^t FubLItMiymiA Offloo, t^ititlng Oeiwrtmont, Cairo. 

Fua^icej Service Frnn^Si dosi InirniatEboatut. 110 Biw do iironoil^ 

Faria. 

GoiiAsy: Ameilkn-liutEtiit. Bertla N. W, 7. 

Geeat BaitaIK ako Iko^a.^p: Mojasra Wesley A Bon, 28 SLwt. 

Ftmml. Loudon. 

Geee^zc; BlblEatlifhquo Kfltloiuile, Alt^s^ 

Gam ijijEii, rfff D«miinrk. 

QuADDjOiTPE, I'ia Fmiice. 

Qvatemala: lustlinto I^^aciotmt do Vaftim^ Gnittonmiti. 

GtrnrcA. via Fortitestl. 

Haiti : gerr^^lro d'^ltat di^ Itelntfona Err^rlouim Fort ati Prince 
Hoke^vkas; IindEot^Pit NaeluuaJ, T^^cEsnli^i. 

HvsuAtTi Bp. JuUus Fttler, MmUoIpnl Ofllcv uf StatlAllcrs^ V4cl-ut«i SO Bada- 
tiesL 

IckiaicUh rfd Denmailc. 

l?eiiiAj rndtn Storo T>o|iftrtmciit, tildJa OOlev, Tx^udon, 

UALt r UJntiuilecll Banal,! Imeniniiloimll, tUbllotHai Xazlonole Tltrarlo Eown 
U0]O, HCQll>. 

Jamaica t iDfitltnta nf Ininalcfl, KIngat^iQ. 
jAEA^r luipcrlBl IJhtniy ct JupnOp Tokyo. 

Jata^ r^rt Xcthorlaudit 

KontA: Hbt Iniiiertn! Jaiwmego Mujmty'i, Rcnldnicy^niGnil, SteoaL 


* I* *Biplor«I for wwaHinlfittlPe wllh «rV«n| tif tl» llrtlUd ^#h 

wbli;li fid bcdlDin Ji iTKllftblF (af forvanJltif i>nluinivfl dtreirt with 
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of ExcbaDgi^ l)eii44rtiiifiiit of ^oDrOT^Ai 

CJovommeat Llbnir^^ Loumi^o Maniui^ 

Lcz£Mi3tiu]p TVJ 
Mad^oascau^ Ho Friiidc. 

MAfKlR^v. pfo rortu^al 

HoirrETEEGio: MtnIstOrc il^ vVJTislifts fitron^j&reWp C^ftinje^ 

Uoj^umQVtr Wo PartugHL 

XE3iiBiiA?iP9f: Bnr^ti Stlioitlflijui? Ceotml ELbl 10111^441^ <Je rUol^ 

v«t^l4 liOjdGEL 
Nrw GciKiULp rfd NcUif^laiids. 

New Sotrrtl WaLrb: l^obUc Ubmry of Now Suiitb WhJob. 

New ^eaiaxd; Domlnjoa 3l«s«tiPir WfiltEngtcra- 
NicAftj^atrA: aUtilitt^irEu Ot* EeluMnlios tSsU^rSoita^ Maoflffim, 

Kob^t’Caye KonKvIlpi: Jfopskt.' FredorEki? Fuhwitltot BlLlJotboki.*!, C.-brCt^lliiiilii. 
Pasawa: ^rotflTlii de Koluclotiijs Estoriorea, PiiimiiLfl. 

VahaovaX : Mltilseterlo de RoEnclooeA Eitcrlo™, A^sulmlna. 

Peu^la: IkHira of Forvlj,^ Mlsjsloiis of tins I’^rMbyterlnii Ctmfi:bt New Tort City. 
Pmc i OflclJM lie RepartOH l>eLi^ilto y C^aiijo IntenutcSonfit do PiiblSeaciwiea, 
]dfnlfltcrlo do FomtolOr LEmil. 

PoirruAL; Beni^'o ponuuta^oL^if lotonmi-luiiflCfS^ BlbUotlii&eA Xocloni^t, 
bo-o, 

qtTra^iCT A ?t:n; BUPoAU flf EkpIib ii;^ t*C lll|l>^riJlltiDD-nL PtibUcutlQiia, CUIof 
rotary'* Office* Brii^bapOL 

Aoniiemla IbkniotUlt Buoluifie^at. 

XtoaaiA^ Couiialsalon EtiBiae ilea BcJifliigoe [ntomalioitiiuii, Blbnoibliju# Im- 
pMjile PubllQUiV St petorsluirB'- 
^I'ADOH % ALinleforlo do llolfu?loiiea Exterlorefl^ San SaETadcm 
Seevi.^ : Bwtbn AdmlnlatrnUve ild deft AffkLrvfl fitTauh'^rcA, KiiigmiliA 

^iah : Dopartmeiit of ^MfairBv BaoykolL 

Sooth Atmt^xUAt Public Llbraty of South Aufitmlbi, Adolaldi^ 

SPAiif; Scrvicio del Gatpblo rpterciaploiml t|# Publlcacbuoa, Cuerpo FanoIhitlTO 
dc AreblteiijH, DEbUateotdoa y Ar^nHklostrfi MiidrM. 

Setuatua, Ho xetberEiiiid& 

RwyDE^: Kongllyo Si^Jiaka VcteuakOim AkadcuiJeap Sioeldioltii. 

Sw^nxEftl.Aisu: S^ervli.'e lies fVzMnycis Intofimlloiiou*^ HibSioitliSy^iae F^dfrTile 
Ontmlo, Borne. 

Staia: Board of Foreign Miaalons of the E^RishyterEfttl Chureli, Now York. 
TAEMAmA: SiacrolBO' to ihe Pronileri Hohort 

TujfibAM: Hoyol ATctoria inatltute of Triiddail and TolfcaEOi Por±-cf-SpKln- 
rto Franci*- 

TUBKirf ^ Awi^rlcffla Boartl of Ccunftilsaloncre for Foreign ttisaSonn^ 

Vmti^ SoiTTiJ AraicA: Goveranieiit Fripting WorltJ*^ Pretorfa. Tnnuiraat 
UinonAT: OlSelpn de Cftbje IntemflcSouoK MootorEdfw. 

TEfEETEt-^ t Bibl [ 0 te<ll Xoclonal, Camcai** 

Victoria: PuUlfe library of Trctorlit, MoibOTimc. 

Webtfji^ AxTSiTiLvtJA I Piibllo Library of Wentcnt Anatrflllii, Ferttu 
WrsBWABD A!I0 Ijewaho Ibi^sps: Imperial DeiiartmoQt of AgricuUore, llrldye- 
town, Barbados, 


s«p«,fully submitled. F.fl-.Tuo^ 

of IM^rartf and Ejcchanget^ 

T>r. CHABidL^ D* Waijcott^ ^ ^ 

Secretiiru of ihc SmUkHimum ineUtuhon. 

SEETEMliElE 21, 1913. 


AppEjnjix 4. 

REPORT ON THE NATIONAL ZOOLOGICAL PARK 

Siii; I Ijii.ve tJie honor to submit herevrith a report of tii« opent- 
tioriH of the National Zoologieiil Park for the fiiieal year enclirm 
.Time 30, lfil3. ‘ 

Tile general appropriation irmde by Congress for the impi-ovc* 
nieut anti iimintenance (luring that year was $100,000. Tlie cost of 
foot] ffhr the animals was wliieh is somewhiit 1^ tlian 

lUirlog the previous j’eor, being duo to the decline in prioea of forage 
from tlie cJeLreiiiely high rates which then prevailed. The eirpetidi- 
tures for upkeep wore git-ater Umn usual, especially as to uut*(lixir 
cages, int'losures, and fences. 


ArcEssroNs. 

During the previous year, owing to tlie necessity of providing a 
fireproof building for the central heating plant ojid making certain 
urgeniiy neeiled small improvementB^ only a smnli sum wag used for 
the purchase of nnlmab. During the present year several important 
onimali: have been added, induding a pair of voung African ele¬ 
phants, three dromedaries, » pair of clieetahs,' eevernl spedes of 
gazelles, and other animals, purchased from the Government Zoologi¬ 
cal Giird^ at Giza, Egypt. Tlieste were engaged some lime before 
the md of the fiscal year, but, as explained-l*]ow, tliey did not finally 
reaeli the park until a little after Um end of the period covereci h'v 
this report. 


Seven ostriches from southern California were purelmsetl, and 
wo mo^. a male and a fi-iunle, were obtained by exchange from 
the Rocky Mountains National Park in Alberta, Canada. The ae- 
(iwanns, with tlw animals from Giza, included 15 species not previ¬ 
ously represented in the collection. 


rbe tolid am^iit expended for purchase and transportation of 
animah. was $0,900. ^ 


and birds bcim and hatched in the park numbered T8 
and inclndeil tmlar. grizzly, and Alaskan brown Ware, alpaca, llama 
American tapir, chamois, haniesscl antelope, deer of several Ipeck!’ 
with some other mammuls and various birds. ' ‘ 
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exchanges. 

The number of oxctariges was waller than usual. As already 
mentioned, two moose were received from the Rocky BlounUins 
National Park and oeveml animals from dealers. 


ANIMALS FRO^f CJtKA. 


In the tatter part of March* 101% an offer of some desirable ani¬ 
mals was received from the Govemraent Zoological Garden ul Giisiit 
Egypt. This offer tnchided two young African elephants, a male 
mill a feiniile, and a number of other less important animals. The 
two oIe[]iIiHnts were engaged for the park, t^igcthcr with three drome¬ 
daries and two Arabian baheons. jVs tiie Egj'ptian authorities 
required the atiimalit to be accepted at their gardens, it was thought 
admable to send the head keeper of tho park to receive them afifl 
accompany them during transportation. He left Washington May 
15, 1012, and arrived at Gba on June IB. On his arrival he found 
that several other de^rehle animals were available there and woif 
authorized by cable to secure them for the park, so that there were 
altogether Si animals in the shipment It was necessary to go to 
London to arrange for transportation, and on the way from there 
to Egypt the zooiogienJ gardens at Amsterdam, RotterdaiUj Ant¬ 
werp, Cologne, and Rome wons risited. 

ANIMALS IN THE COJXEGTION JTNE 00, lOm 


MAMMALS, 


GtlT^t DiAnkej «ffbcnuj- 

Urwn (CffMjHlAKM* «lii- 

rHr Vifctl-.— ^ - 

Vf-OU P»Qltftr (Ce™pUAceni 
DLilu (Ceropifft*™ rftwia)-- 

Bwtj (CffWOfew /liHirtM- 

mrHaify rtaion*!-,— 

ix]t>atef (JfdOOW cyiioifidf- 

ffUl ----- 

nwnt^y (J^ooafflw mrme-firi- 

tlb-cauf UMBkey |JfaOT«w 
Browq meaque 

JapiUfiM laflflkey iMwum* /ajMiu*) — 

SJwr ffloqjcp^ (jracArtK «a«™j- 

Mjte - 

ClUrfEllK <Pil|?io 

mLDUi^rTKS tA^d humadrutf*}^ 

MftqdrllE fFilp^o aiolaid^) ---- 

GMy aplifer iAMn* flw(T/viri>, 

WbUr^rMitCil ciTraclilfl 

Browii tdoakey (€rbM faHuUvi^ - 

Diinikalt irfKn(?a^ai>_^ 

RuS^ E^niir poHwl—— 

iJ^vr camt— 


1 

L 

1 

2 

i 

a 

4 

IS 

3 

a 

1 

I 

1 

1 

a 

t 

1 

1 

2 
2 
3 


TgUr beur ^TTIalairOtf Jiiarfn^ira>„„ 
KuMpean liiomi bemr (CPrilia — 

KmlUik b6mt jUriiu mjtfdciid^rjfll_ 

ira.kLiEs| boMr (rnmi daU^} __ 

AtaakAii hriywn fewr (t?J^iii» 

HjbrJ4 bMr {Unvi Df| 

EhSOari Ireflt (FrUw JNbfiffri:_ 

muulAjAa bear <l7reuj 

UrlBly baar WrifaU*t)_ 

RLirk Iwir iUfiUf gtivrriMiiH}._ 

dDEluadd bMt iUm* amrriQeBic*|_, 

UiLij bear (C7n«t tMlaymtHiJ 

Slotll ttAT {Mrldreoj __ 

KiiiJujou i CtTGofcpIti «iuf\. 

Caimnlatle | adejHriiitttj nitblg^_ 

UfBf CMtnmilHU LVffjna HtfrfHl_ 

aoETtKia (Fr^irdd . ... ^ 

AmorlrMQ baa^er irajSrfra _- 

C»DllldA pkUdk E if m A Ufa pul’ll 1_ 

Afiierlcma duizteiD 

F^ber iKmMa __ 

iUdk tFarorlua _ 

romnaiKi ferroit (FKfrsnIdi pKrgrfjMl_ 

Btack-fwf«d rerrtt (Fa f drOii nfffNpra I - 
North Aloerlexa Dttzr <Latina HiMfr- 

^Bklma (Caiaij 


2 

n. 

I 

1 

3 

1 

2 
1 
a 
a 
2 
2 

1 
1 
1 
a 
1^ 

2 

4 
C 
1 

5 
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AJS^SUAL KEC^BT HMlTU&ClhlAN IN&TIXUTIOX ^ 1013. 


Anxiniii# ITU ^fl 4 r.(icn>l /imr CesbUmied. 




DtEiEt> iTaJiii _._ 

Grn^ volf — — 

W^U iC0ni9 

t>Jrntr {Offirfj |fl(FVNJ^_ 


WmhIIww'b »jrat«' kC^nU 

jfmt (cii i riii|>t»j |im4#^iranlci(4^ — 

Swift fWC iFwfjsfi vrlom}^ ___ 

Amk foi iraJpcj lo^putl_ 

Crmj ta^ {Vtw^tt 
StKilteil ItiTStt l/fi^inw 

ArHctib jiilni ^iTPt iHi-mti rtrrfffl)_ 

CamcnnD prfnEt ^. 

I»ud4n Ikfl irtlk kia>___ 

KlTE^ifJam ll-on IfVlia Jro Hbalkajfii 

TTs-rr (Fcffi fit/ri*) ___ 

Cuii;;a.r ^ 

JHgixir i rdk 

l4«qEi4nl iFfJCi |i4rT||U| __^..^ 

BEiirlC lE4[MTt| iFrIk ^qr^ui]^ 

Setftml IFrlfJi irrmlj^^_ 

Oiwlot iFfEk _ 

CBiutlB Ijreix eiiita4£iLiii|. 

Bflj iF.ym nrfuiK — 


Spottr4 iLvnj‘ ntfuM fcxfuttfl}_ 

Fl^ila IjrDj {LsfttM I'HfBl 

m IMq ( MttUrri}- 
Cmtlfoamla ««« HQd (^JopAhj ool^J/cr- 

___^_.__ 

XOrilicra fcLr bmI i C^Ilfifati& qrit^fvnq} ^ 

lElftrbor bqaI ( rtftj Itjia S._ 

wtmlrrrl tf?dwrw« nffvcr)_ 

n'cNterq tuT iqtilrrEl (HdnrH* Eu^foEl- 

e£aitMr )____ -_ _ __ _ 

Gniji’ ftlnlTTT] (JS'diiP'iH ot]r{3tlt].rjf;H«y 
BEack atiJirro] 

AILlna iimtriTE wrtaflH/jitti'). 

lliHUffiii intulrrrE-^.,___ __ 

dor fttdfrtf Irfqji 114 1 __ 

Woodcliuck Dt!?nor)i___ 

Allrino WEMufL'Ilnirk i| Jj rrfqmiflT lltmittx'|i_ 
fllark ipwicbiie'k nonq#)-^ 

.Vl(ilne nia.tmrri (,l t'rfrtirtiifl marmafta'^^ 
Anaprii^ttl Iw'JiTiif iTador ootiffifimjtff I_ 

t'on^ I __ 

flallA^nt^A _ 

ZnilLui pnrrqfilii?' fifi^riif rrutiura)-. 

flBEUilli pomipto# fE’jTlACjiMI 4qf>4- 

rBEurlE pamiploB {Errihli^m iortai^} 

tIhtEUS— . , __ __ ___ 

WHkm pomiplsi^ (Er«fhk«a 

fAatJ___ 

Bffvatl ( DBiyprfrdtTa 

__ _ 

Acsra'a i^utl {Uq^i^prarfa arana) . 
€mt^ Mflaatl (fPjHffimMifq eHjfqfd). 
HMlry-nittprd ki^anU E DaB^^rorfa prytti^ 

fH^tppAai ^_ _ 

r*™ (CiFtfli^^itir# pdeaj___ 

CulpEi ptf (Cfada cuiitri}^ ___ ” 

CHIT (HalkAolff pubi. 

^■£os) _____ 

i>>jiH!9Lk nhh\i iL«pta* 

Cape torrtj 


rnil4cb ^Tvt'tuitit (A'frpA-tM 
BrwmlLLBB tapir (Xaptm# EtmcrMtabi <. 
Cprrrjf*i K^ra cFfram 
^^ibrA^nAc^ liybrld tF^uaj 

a* fnH* ^_. ^ __ 

f^tnitfi t^rk ^pflh 

CAllared pcccarj iBinfpiitt rtH[^Hlaiu* i _ 
Wild Ijftar tftai 

^^^^^lh^■^n wirl Si^jf {FA4r4cA<mia «/H- 

PMM >_ _ ^ __ - r_ 

ttlppPpplarnuB {J/ippapsliratiu vm,- 

pfribimp^^ . ^_ _ __ . , 

OiuBiLifB {Lamn AvqftqcAak) .__„ 

UamA E^oiiitf ____ 

Atpttm iAiiaMi ___ 

VEcrukua (Luaio fkagup ^-. 

RaetrJafl «hiaI traineiiu' AqrlWoflOJiJ. 

MuDtJac If pTTMfBa __ 

SaiPba? dw frcrvaa arfiEofcEiau„, . 
FillEIppIni deEr pAllJp|tNaa^_ 

ItOB dwr (CwTut _ 

BAraatEiitha ilhrr [Cerrm darqiictfJtfl. 

Alla dw ‘tC^ilrPua ajui... _ 

mm WrrPvH Mttak^ _1_ 

jEiMj dPiT ^CfTvng dflfl4n*U- —-_ 

AECH?rkAfl cUc cnjicrfrH^ i_- 

Fallov d«r (CervKg ^ 

Mohmw! 

V[rKlala «fld0ewWfl«ff^raiitq4wi_ 
[Jw^ fO^ferottrtTii hcmMu¥f^^_ 
ColambtaA t^laefe-fAij^ 

i'rtfa ^^bBiAfejnia% _ _ 

Cobap ^PflitKitUrv* "p ■ _ 

CbJw^'a hartd^wf^t tfluAoJi^ 


tllrairixjh |/hunqlkraj al&Pfma4> __ 

^lilt^lalted cnu ^C'daqqdAtrff’a 
DEfAPAIl WBtCT \vwk frp&kt [ff'/crilll}_ 
ImdiftTi BDtoInpp f.lfifikpa f<frrErqprtii, 
^ffnpll <^HAirZi^phH4 freyw^fflrfija 
CPBjfo hamrwd dbtpiDpE crrufTp. 

rqpAy« fjTflraj Y ___ 

CbABUila Clf4r|)>E£yipr^ft tmcFva^__ ,, 

Xaht CffKfBTtfnjg'p# 


CainmftB jjsajii irqpni Alrra#}_ 

An^n ffiMit (Cd^rtJ hircMM) _, 

J^Uttm.rj alMTti tOrk lmflFfEiipAui(^___ 
Barta<lo* wh^ (fifk arktlmoe- 

lapAyp) __ . _ _ 

Abw (Abm ilFpjnFiffwni£i>„^^__ 

Kkiit Afrii^n b&fEaEo iBwffelktM rtaa- 

__ 

Zebu 4^(l4i larfJi^na t 
Tik {Fd^phatjut frfaaalgaji -. -T"' 

AlIleii«B bJiaB f omerttn a b 1 1 

Hklrjr amiBElltEp (ihttkiiifB rfllMaji_ 

WalluBa ^JfqrfBpuf rafliagBal,- _ 

HwI kiiBjfiircHj lyacrapiLi 

BEaaetra walTabf (IfAlropyt nifeoUU 

braafUO _ _ _ ___ 

FEi^utl Dp«aat& {£>^4lpA^t mtinutsl 

olkK_____ 

FIrgbiEk apoBitim {Bidiiph^ mimoi 

klbritg^ ____ 

CaniiBaQ WBrnSml (XAtumkaipa ntfcA- 
___ 


1 

A 

Id 

it 

q 

9 

1 

i 
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13 
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^i 3 ii 3 uJ!f iiii the Jant 'Qj 


BIHLKEL 


EuroiKfln bUehbiHj ririxiilo rtmtlaV- 
Mci^iiiBi? iJfifliMi p«rifi$rEDirM^— 

Cilbird - 

Hrciwn ttinniet ru/tiit- 

Jblp*n«fl TObln - 

whltKb^if^^ balbnl iPjftmnnfttuM 
Ii'iic«fiei4^^ 3 

Dlacb batbul {Pp&itanQtvt 
l_ 9 i 4 gliLii (5 thnula iffrtins^Ar J'lJwriS- 

Ibp^ui >. 


BtiliMiip fliicb irtfiujjma fja hprnpiiJ i - 

0™nffMih«3n?d TTAlbUI rt^f- 

[MrfitJ--.—-- — 

Cordoa’blm p^cfllc*ft»S_- 

Mo^k Ancb g fpermci !<!#F- 
Cut-tblTPAt acHrb < J wfldgpuJ ^A^triiafa)^ 

S&cbrm fliicti i4MdlPMi «»fan«rg^).- 

Bludt^lhicajcK^I (Jiunk orrlintptlliiil- 
'ThrCft-CDlcired Sneb (MiJihi Hokeett)-. 
wtil1<hbeid«?Ll flbeb {Uuttid mafai^ — 
Nutoifi; glfimk pvpi^lNkHd> — 

Imvm ipamjw fJ/MNk ^rv^LMird}— 

WTilte Jara itpftrrtrtf Ci/nahi 

-—----- 

Bbirp"la|]<H4 ^rmH flLacb (FtH^pnik aca- 

f kdvtfd Ji -- — —„ -w 

Eidlr^Mdll flireb (4 cwmfdwjj* 

CluHtiiu t-bJmtrd ftiltb tOdriiicrtlin «#- 
- 

Il^rtrdjfd Itncb £ ^jMTin-Eipftrfa 
Jfapdleod n«vtf irirffiJaclaM d/rR|» 
WWTCF IFfludgn mfiiSfu^M' 

-^— 

wfBTer ffncffuS — 

T^TjldjUb irFAT^r iVidtut parfldt^Ml-— 

Painted tiBntiliH iPawfrfnd rlrit*,- 

HHl-cr?«bMl c^-tdlcml iPfinwkk CH' 

^fldkl_- 8 

ePDirfst-dii gfflMFl^bi latf- 

rijcf^adh----—1 

C«in-ni»ti cardinal fConKairlk c^di- 
ntum-. -- 1 

SEnitlft glTpiaat apkvj]- 5 

Edfima Jintb ?lfPrrokE^--- l& 

EdFoiHau ^tdELciFb {Carduelk Fkr/dai»_ 'J 

Tfllpw-baniiacr (EmbsTta (^fHarlTd!- 1 

Ccnsioas mnai? (^Frfavj canarlafi^_ ^ 

Llimft |/,taak (WaadbkflJ-- * 

fluUflarb (P^Jlifa 1 

Cowbtrd cJffrIdfbrut af^rU^.-—_ 1 

OKwj ataiilnE g Ldiaprafarti li Manrn^ 

-t 

BtftlabaF cijcah (rollopadr ladlaNrri' 

--- 'S 

EurfliHao n.T#Q iCCrrat -— I 

Aiwrlt4ue raTM ewra# akii- 

rt|iu>___ s 

CdBitnoa mew (CorTK^ ttr^hprhvw- 

thaty—^ --- 1 

0r««p Jaj (JrdnfAeiira laavuaj^-- I 

Wtll^-tbroalrd JiiT (ffdi^Ia* laiwpfk t - 3? 

BIw Jij ECpBMirfjla 3 

4Jur4cma ma^k tFi» pka AudadH'- 

toai-^_—__ 2 

B4d-bLll«d lEAi^kf fTrorkid OH^p^klkl^ 2 

FlpLng erpw ^Ov^aorAlH 2 


Giant klDRilBlLDT I 

VellDfr-braBBtfid toocaa (flbampftasfof 

. «, 3 

Scilpbnr^cT¥it(d: c«ltflit« (CaMtad pa- 

!<rim --— -- 2 

^Itlcp cnckatofi (rdralNd --— 0 

LFAdbFAE<'T"s coakatoo iCawtmi kud- 

„_-——i 

nar«-rrtd wluto# (ca«iiun p-pmanpi-j i 

Boiute aockatod (rarfai'Ha PoaHcn^ 

pittas - - 12 

OaflE piti^ CdCtalOO iCaltactpJumy* 

t^^ttim) ] 

Vclltnr and blUd mmmw ulna flPff- 

raanne)_-—- 2 

Red and jallfnr and blaa laainiiW |4nt 

----- ^ 

Bed and blaP {Am f.hlprap- 

Qreit Krt*Ti nuteaw (JLrd vtClliorilf!». I 

HenEcan conurn CCdan^e JloT^iH^hlarur'Ii. 1 

CanchLIpa pan^q^nct «r{^N a rdpek panili' 

t?aTiiaii parrot (4«aM3iid /Fai»rr|iftrtJQ]l_ 2 

OnpRa^^LElSIMi al3WI*!TB g.llRflFeM 0*0. 

Maka>__.— . .. 2 

Pv-rto nTr*BTi amaiofl {.Lmoroad fiL 

ffffali I 

Teltaw-^bonldercd aetdfoti (-Imdfflaa 


eK^bmptem 1 -..^^.-.-. ...--- 

VfilEaw^hunted abiaiQiB (.Aiatdroaa 

erphalal_- 

lkd-fp3nE**d ainaMn {Awut^ona 

enrirlAa I —^ - -— - 

Vellnw^tijMded aDaika fiv 

tiarptdaiijl _. .r^-*- 

HTor-frofllrd anaann E-LiaaFnatf 
jfra> 


Taaa Eurrot i-Pdfrievpak 
Bandtxl gairimkir^l (PdJdfwwk ^*rkid i-. 
Alexandrine pairakeec (Pprimrart a/cX' 

■aadrll-^ 

Hwlla pafmke^'t gPIntFwrrwi rwim- 
kM> 

E^re bird (^papprafa paJIartal^*^^ 
<Sreen parrakeei (L^WcafttJ ip,>^ 


frttell parrateet i J/erppHfHadu- 

kXi^l----- 

Grwt bomed e*fl tflabp rCi^kleaHi)^ 
AftUe bomed «*] l^wba i-Erpiakanf 

awbereilfttM)--- 

^epKb cnrl IOIhj Mini- 


Barred clrl (^irlf 
llarn nfwl {AJkoo 

Sparrow bawk cralpa iporreH**}^^ 
Bald eaek (ffairffeian Irefc^ct^Ad^ail. 
Maakao bqJd eajEk (EaU^mM feii!»- 

nepAdtat nldi^aaf!!-- 

Gpideq aa^a (A^jitiia rArvraffPi|-»^_- 

ilan>/ Wile grAW 9 i«'fiiti Aar^j^lat.^—> 

CblJian fmgli {Geranoallaa mekaOTmi- 

«*>- - - ■ . .. , --- 

Crawnrd liawk easla (Rplea^lwe ew- 

Red-abonldared bawk If alea flaedliu). 
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2 
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II 
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HETOBT SMITUSONTAN rNSTTTU'tlOXj 
Animah in Uit aa^f£«ir.r^ii Jtmc M, Continued. 


EITEI^B—Cxmliaacil. 


VrtiHTai^lcil Imwll__ _ 

CuTKfcft iFnFtfftejmj _ 


IJLmin«■£(!!«*■ ^ Oi/paitu* 

J3*litTa AnMJlran rohdar {£diT4r^4iii- 
phut jprpipAiijik _ _ 2 

CalUarntd TOodar i!<7jniiH{ttfirpi c><tll/‘or- 

■IditMt) __ ^ 

OndTom Tulinr? /nii’u*}_ -.p-r-™ ^ 

CEnononi mltim irmUar 2 

EefP^^^ mlitsri^ junmep- 

Icrifj I 


Tufkffj tullfin iUtttkgrirM 

hilAck Tolttifi? fCalAffrfjfa irr^An-,^.^ 

Kln^ TuliurT (I? 

E^-ntllrd plRVOQ ICClUfflftfl 

? _ ______ 

^Obmlnj? n^iUmwrv)- 

Fepwrul! ^rc <e?cQpr^lla Ij^h^n IfJa !i_ 

CalUt^ dDT$ £ 7krtirr f£ieHui |i ^ 

tlaptt mna^tpd dove E?4ip™£i1__ 

TliJt^^rin irnmiwi rli^Jn idautn ufa^ 

fortJi > ^__ ____ 

rdrpliah pmn 1 Femcloput Kdicriu) _ 

Cr»t<d cnrmAMnr (C™ _ 

UeiilfStJi cnTPMftw {Cm# pf4»Eri<;rm)_ 

t^alKDCDEi^i rurnJMKHf (C™ ditu^n- 

fonC) _ _ ____ 

IITld ttirk4!>jr iifrTea(rrfi ff^Hoparp tlJL 

•rcpp^k __ _ __ 

tviMlaiiS}. ■ 

JuDCle f^ywl WntlttM a^afclffl)_ 

Edidlnti plnytMtnt (FftdAlicMiMi 

™4(1I _,___ 

1liM!ri|^'ii pl]«mjull. tFAeHniiMt wr!'#(>_ 

aH>3iJni pliHim^l rrApHiiidiM jF|trfa>_ 

3lU‘w pBojut < Etfpicvdmir^ 


l-:ntr>i]«jiD qToli crofumi# cownniili^, 
flubjCuiAq pjiftrld^ I Parent |KTrftpk,_ 

Bo 4 irwb. 1 te (e?Alr 44 i __ 

aj&uBiiaSn fCrpjr^if# pirfa^ __ 

ikd]^ qiLatl (CatTIpifpla _ 

CilIfcmEa {Lopjhorfv# odK^r. 

■*ea)_______ 

ignij;] H> 

1UH€iu qmU m^N_ 

fmSltanle- {Fiei^A^Hdi mrvlmi^. 
Mack hael^ xiIEIouIb i 

______ 

Sfariiji I^irti f9(iiTllHi->^ 

««■> __ _ __^ 

JHorlda fUllnnJB iCdriJBirls 

Astciimn. coQt i iF^iJica k _ 

FltgbllfiB nill 

rttmnvm cvlBmn riiir4i;«>I 

CroP'atd ^AftlAirfm jmvojiiii.-ni > 

Sudblll cTBne {C^mi MCficvuill 
AitftmlluL cri^e{ffnu d«trrnJ4thijfaliI 

Ettrop™ fTmti€ (Gmt rfnerm)_ 

Sara cffla* {Gma 

[adNn while ffltne {ff™ ^coffd- 

rtiAHl_ _ ■ 

Rail iMacSci€9 . _ 


I 

I 

11 

1 

I 

7 


01flelGMrfmrned nlchl htfoa iKveticat^ 

IHfrjIcvru g 

Llttlff blll^ Itnrm (FJertifii i | 

Ileddiah esret tjfMcAmniqaajtia 

cem'i ^ - 1 

Snawy fjpKt fJfjTrtfla mii4lJrl|L4ilna)_ 4 

OrMC White bernn i fFrrmffifc roref is). | 

Great bine he™ ( 4 r^ra hrnHffa»)_ S 

QreBt hlaedr^trflwned beraii {Ainifm 

____ 1 

Aoet 4 l;lt (CanerajHa eeeihiJfaria)(_„^_ g 

niiCl ilont tcfmato ___^ I 

Marabon atOFk (Liivf'^P^Giu ifab|u«>„ I 

Woo 4 Ihia 2 

ilacrijd Ibbi llbli 4 

WhiEa Jhia r< 7 ydrd nfbas^_ 21 

noa^te Ep 4 Dnhft:l (A/ojM 1 

f^uropcaa flaming f F^Ohi Ifopferai an- 

)- - -, a 

Creetetl acrmniEr iChamnn 1 

WhletlEniF iwiii ifOlor »raiH.b{ajiiMa>^ 5 

Mule iWHt] fCwaui iTiTbBiaiii--^_ 4. 

IXlAeK iWan (Chenoptf a/rafsj-,_1 

ifDBCDTT dueh ICulKna mo*ehatav-. % 

Vlliltiy Euuamv? durk iottrina MOir 

CAsfa)___-p^pr-r-m 2 

WandertDfl tfW^nrk er- 

mala) _ 

FulrfHji tl^endn»fvpr«>p &V 

HMtorl-_____ , ,. _ 2 

Brant |JlrtMLf4$ bentiefif pla N^’^cffulrfi ^ „ | 

CflMHla tooie iJIninFA eauadewtiep,*,. 7 

IlnlebllfB^ jUCiom iBi^ala 4 »na{reiMti 

ftyffAinefi) __ 3 

iMet ilWW gWM tCArti ^yiHTTkarrat5 
Greater ABDW SDoac fCAca ApphrrkiTrrae 

eYpaJljl-,^,__ i 

American wblte-troRtad Semst ( 4 e 4 cr 

alltf/mnj ffffiPi{ii('H J _ ^ 3 

Oiliaw gfM» (Anarr 3 

Scaup duck iJTarilii warlJoi 5 

Cflttraftbflck {VatiUi raltintwla) __ 1 

Rcd-heBd«t!l ditick dmcr|fvWa>_, 2 

Wood duck (Aiw ft 

MandirLu duck CMli^Ffev. 

_ a 

I'lHtaU iGsjlEa flew(a>_,^_^_ I 

ShOlPtiar duck fffpylula gtyp^nla}_ I 

Ultct duck CArtOfl rutTfpe#)___ j 

^ralTini prafafltirncftgj^ - . . . 13 

AmerlcaiL while pclkao (Pcl<irqa uii 

iTpif&mrlipacAu#]i __ 10 

E^nrepean while paUcun EFcrcmuNJ 
aaccrardTaei 


Rflacftl* pelican IP^Jeoaqijj mifflif l^__. 
Brown mdlraD (j^leicvaai ocrMcnlollii) 
Flarldil connonilt (PAelarnKwaa an 

rSfta HarbfdMHtl ■ _ 

Maalcan eormaraot I PAa Jar^ckon, 

rk?au ___ 

Water turkcT tlnhiMnan 
Roacata Ura (^ctm daapaUj)__ _ 
Hujal tern rAiErriM MOxImql _ 
Black hai±e 4 ttuU (Lo^ aiada«r'” 
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Si 

r- 14 
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JficmaJlj in iAtcolkcUon Jum 30, iO^S3 —CVt^tinu^. 

£!mJ>S—CbatlnoHL 


fiwTI (iuriti fliTTffnfaJiwI*.-- 4 

AmtliCdn hcrtlntf cull (^ruji ar^rw- 

iafu^ «iaillh«efrtl4]fl4^]i .. -— S 

UdD^tilii:! KuE (Zrarvi fflfr^lall t 

^uth Atrii;:qn iAIrkilAiti om- 

(mitol —___ — - -T 


if«muU iHitrlclt innlrhto^ 

pAonev]! __ 1 

C^minflq nH^wir^ (CdAiEorfu* 

CiatDEnciQ rb» tkkfo (MOfrHrajitQ S 

Kmu (Dlrsiniira* iwcv Aathruf^l-^_ _ 1 


UKITILE?;, 


AITI^Ktrr — IT 

^Shurp-noBcd crDcod]l« 

fli*ir.rk‘tf««»|_ — i 

lurtJit fi^Ariririnvt fhtpfay.-- I 

DlilaolaiMiftcl tm4p>n 

p4ilit-i|!HiC> - - 1 

Tlirw-[^XHl tmjC^tQrfdlPi# tCTtifiirfd fri- 

iHix-tanaloe (C'lfl'ucJo drnufdl- H 

{^Eiphfr Ittnse {JfrPpfrtUft palf^ffAruftif |_ 1 

iJhiEi-rmti iKirttui ppAip- 

^IkmI____ 2 

ALtiAEEiftrlif IftEdEiit tortolM- -rf- 

HifQ^ - ] 

ElorDPd ILuTd (PArviHupmoi ym |. 3 

QUl monater iU^^ttrma Jtwrm^c^yjm || _ 5 

fUd^ imnkfl I 

n^gdJ pfUwh (PjiplAwn rrCfcniiatiMl-^^- 1 

i ^H4re^rji mifHivira ] __ ^ 2 

VElrct Kfiakfl I 

Culua lrc«-lKM]i I 


!3pn!i dine nddn Elfclrronfon pEof^' 

U\m.i?X HI 4 l{fl (£dtiii^U .1 

C^4rb-wblp HDile <i!^onicn4« 1 

Cam itMite (Cp^yfrrt* ^yrmtiuy—1 
CaiiLEnai] fhlDhen Enjibo (C7oTif&fr gntrd- 

Qopticr imiiki} rCigmpniffDPno cwnola 


ricL-t Annk-fr iPftinspAia mrloAoEriif^ul^ 4 

Eull «)iiiil£fr _I__ 1 

King UtB.kP (OpbfbolM prfurMal - 1 

^rt^c aiuikB i^tif^ia Jirfd- 

Hf). . - 1 

Wflt^r inake ^RyEcnla pru^Mill^ 1 

Wklet mnrtiilti (d AEiiilnrddfi^ jmic^pq- 

ry*|i — —r - I 

Ctipliflt&Fi4 iAj«/jlH3rfcifl <witartfiry„ 2 

DLisiHQnd nttlMEUikG (CithfalHJ ndaaHn- 

friUl - - -n,^ . . . - ■ ---- 3 

BaEid«d n Ll ItaOnlir tCy^EPlPli ApaHU 


GIETS. 

Mr. Hnymoiii] Ai1hiiu», IVftBDThKton, D, nn JiUij$ator+ 

Dr J. b?. BtUnpp, LpeSnntE Md., nn AmprIenD 

Mr. M. Boyd, Wa^RTngton, D. C.. n burned if3»irdr 

Mr. Au^iFit OTiBck, \^'nsbln|^Dnp D. C., two marnioiicttc?. 

Mr, W. M. ClirlsfilasLT, Hn^oristowiiH iMd., a blaek Bnnk?. 

^Era. Eu^oin 3. Clcaiyp WnBlilD|;lci£L, D. €L, a ronury. 

^Er. Wallace EpanBt Onk Park^ ]ll,> four idIdR. 

CfljiL W. R P. Frenelip WasbiuRtoOp D. C*, oq AUie?itur» 

Mr* F. }\ Hull, WnpiItlnin«Op IK Cv, tlmav HllIgdEunt 
iEr KlilTi'ell, WaaliluRtoti, IK C-, u bald eaiflo, 

.Mr. M ^ littwronee. Wushingtoti, l>. C-+ tt ^mmou 
Mr. De WIEt T. Lpadi, WntdiiuKtoOp t>* C^ il waodchneh. 

AEr. Hjilrb W. Lee, WnstiJoetoTi, D. C, an aHlgater. 

MiisR Clcire nad Mr. Jamea MeCaiL i^EOEdPioi^ Pu., a biiiHJed rA tll^iakc. 

Mr D. MeLtmalian, WaBikliijElODp D. CU a barred ewL 

Mr. E, B. MoLeaUt Washington, D. a skunk, two niix-eoiiii, nnt\ n toucan. 

.Mr. X W, aSItJik WashEietoii, D. C. «tt mlUgatur 

Mr Victor MImletaff. WaahJnRtunp D. Ct n crecodUe, 

>Er. Thenioa Atoroland, Washington, I>. C« n barb owl. 

Hon. 1.. P. Pndgettt Colnznblap TeiiOrp A gray etMtlmnndE. 

CatiL A. W. Perry^ Washington, D, C* a wcatem mocking bird, 

CaiiL rt- B, Pnliuanip Waahbigton, D. tt gray caatfnsiiiHlI. 

^Ir. F. J. l^nyniDUi], Washington. D. CU a gre^ iiarrot. 

Dr. C. W. Ulchniondp Woshlnp^on. D. Ch, two boni owls, 
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Mrtiu Rlc^etfion, Wn^hlnuilonj, D. C., n common mccooiL 

Mr. Rtcliojfd A. Soirfieiil, WnEhTni^DiL, D. CL, a commoti cnnafj. 

Mnt isumoti P, SoQtt, Washinfftoiih I>. C.p a ftholl 

Mr, EL T- P^totii V*Kt Cob^ Conn., throe common akunkiL 

Mr. El lift SliC«T+ TiVftrthSnnton, D, CL^ two m mim rita etinqr!i% 

HlKft SLrotib^ D. a groeu pamH^ 

Mr 4 11. EL Tbocttine^ Wnshln^on, D, a black ffiiiaka. 

Sira. E. Clair Tbornpaan, Wnahlngton, t>. C.. a cominna canaiy, 

Mrji Or V, wnilntriis TTnEMagtoii, U. C+ an allli^torr 
Hon. Woodrow wnHoa^ Wnf^bln^on^ D. n Jairttcij Mftanl, 

Tlic S^logtrnl Society of PhfladelpMaf alx ankflkriila. 

IJaknouTi iTonarn, n «crccch dw], dve bjirti awlii^ a a liloglljib plitsiiKaiil, nad an 
alll^tur. 


hOmm OF ANIMALS. 


Tito m^l serious loss was among the riiniinaDts An okiKl^ a 
bontebolcT a Cokek harlclioost* and a antolope iliod from 

tubort’iilosis: a moose and a roiodoor from enteritis; two tahr ^oats 
from pneumonia; and an American bison, SI years old, from arterio- 
jiclemsiSr A fur seal also died from enteritis and a grist^ly bear 
that when captured, ID yeaJis Ix^forCi weighed 730 pounds was killed 
because of its general decrepitude. A mimber of birtk wera lost 
through the depredations of raccootts and other animak living at 
large in the park. The night herons hud increased to such an esteot 
in the dying cage that they interfered with tlie nt^ting of oilier 
birds there, uml the greater part of tboni (114) wore d1si>oscd ofj 
a few fls gifts to other zoological colloetionsi 
Of anidials that died in tb# park, lOl were transferred to the 
Xalional Mij^um, Autopsioa were made as heretofore by the Patho- 
logical Division of the Bureu!! q{ Animal Industry, Department of 
Agriculture*^ 

STATEMENT OF THE COLLBCTTION. 


AccEaaioiCB DORixo The teai- 

Ptwritcd ___ ___ _ _____ 

Furrluif»ed__ _ ____ ________ " 

Bora utiil batchy In Nadotml S4oo|iii^lcit1 Park__^_^. ___ -g 

RecclviM In oiehflnific__ _______ 13 

Deposited k NuUonal r^Io^cal _ _ „ a 

CapitiriNS la Nfltlnanl Zooli^xtcfil ____/_ ~ ^ 

Total _ — 

. . . .. ^ - --- --- 831 

to DC o folWT Ehteritu. nr- 

«r bmrcl, a; tiareniimlft, H; lubemiJoiHii. 10; «nic«U,rDl ■ ^■ 

^10.1., <; «t»rrta or «>d tiaoai; li 

V *“^*1™ Df «w. It mitdcraiu, 3i Binoliia, 1; alu^ ^ 

Uvrold ilaod. I; pioonUftrA fat notmti, 1; ,rlf rUHclrrojU 1 ■ ^ 

l*n«ko.|, a; kiiiri b«,«iK nr irulrill,;^ = 
tUlM br MUd..,.. aaj on rooM tooir 4 l«*r. to 
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Tlie number of visitors to the park during the year, m deter¬ 
mined by count and efitimate* was 633^&6, a daily ftv^ragn of 
Tlib was rearlj lOOyOOO more than dnrmg the fiscal year lOl^. The 
larirest number in any one month wsa 120^008, in March, 1013j an 
average per day of 3.0Q0. 

During tiie year 142 clas&e^s schools, etc,, with a total of 5,573 
ptipilsj ™ited the park, a montidy average> of 4R5i These were 
imunly from the District of Columbia and neighboring' States, but 
other States, frop^ Vermont, New Hampshire, and M^issochuisetts, 
to Tennessee and South Carolina, were represented, and ‘^Com 
Growers^' belonging to IS States. 

[^rPROYR\tESTB. 

The construction of a house for the storage and preparation of 
food, which was begun toward the close of the previous year, was 
completed early in this year and equipped with a largt range for 
cooking and baking, a small cold-storage room, (him!>-waiter, etc^ 
The total cost of building and equipment was $3,615, of which 
$1^,050 was paid from thk yearns appropriation. Hie building is of 
stones24 feet wide and 40 feet long, and has one story and a bai?ement, 
both with concrete floors. It is abundantly lighted and thoroughly 
sanitary. It is located at the rear of the temporary bird bouBe, so 
thet the building and the yard about it are screened from public view, 
while still cotivcnient of access* This improvement had been much 
needed, us the only place previously available for the preparation of 
ffNod w^as the cellar of th^ lion hoiise^ where both light and ventila¬ 
tion were far from satisfactory^ 

An inclosure and shelter house were built between the lion liQiise 
tind the smalbmatnmal houa^ to alTord temponiiy quarters for the 
sniall flock of ostriches recently acquired. The house is 16 feet 
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wide und 24 feet Itmg^ unil the luljftiniitg indosure^ which is nenrly 
circiUAF, is about 100 fe«t in diameter^ 

A new iitdoeuro^ widi n pq<jh for wood cliioks and nearly related 
i>p«ieSj was built in the valley near the flidug cage. 

The siispeosiori footbridge across Kork Creek near tJie iiorlheni 
entrance to the park having become inmfej a new bridge of ifimilnr 
construction was built there, 

A bridle path was laid out nt^r the bank of the creek thmughont 
its entire length in the park^ and a ruslic walk^ mabily paruUd to the 
roadway^ was built from the concrete bridge to the north entrant. 

Early in the year the first section of a retaining wall was built 
in Uie ravine oppoeitc the point at which Ontario lload reaches the 
park, and later a second section was built above this, giving the wall 
a total height of 18 feeL 

A small retaining wall was built, also, at the month of the liUle 
run at the northern edge of the park near K1 ingle Road lo prevent 
further erosirDi there and protect valimblo foi'est trees which are 
being undettniued* 

A small amount of riprapping wag done nl three pfaces on the 
banks of the creek. 

Just before the dose of the year work \xm bogun on the old ele¬ 
phant barn to lit St and tlie adjoining yard, then fH^cupied by tapirs, 
for tlie temporuty occommCHlation of the two young African ele¬ 
phants which had been secured from the zoological garden at Gim 
A new yard, with a pool, for the tapirs was built next to the new 
elephant house, tite w^ork on tijjs being well under way at the clotie 


of the year. 

The cost of these iniprovenicuts was as follows: 

Food nous*'(ffBta 10]approjirktliia)- ,- ... _ _ lit,000 

laclMure rud saettcr for _ _____ 450 

loclci^re and pool for wood ducka_.^- _ __ 500 

Xcw fm^heasEoa footbrldse„„__^ _ _ 40Q 

BtifUe pnUi anil raatic ___ _._ ... . 7t5 

BeUiinlti^ wall at Oatarta EacLd-. .. _ 425 

netaLalDi; wnli near llruto^^^_ _ __ ___ ^ 

mprapploiE bonloi of creek^^ _ . _ 2715 

Altera Hons of old i^leptiant bum HiUil lorlofnire, __ ^lO 


_ __... 


Through the generoBity of JJr, John B. Henderson^ |r., there was 
completed in the autumn of 1&12 an outdoor cage for parrots wduch 
had heretofore been confined in the bird bouse. The cage 04 by 
40 feet, and about 26 feet high, has a steel framework and is covered 
with strong wire nelliug of special constrnclion. Several species 
of c^katooa and macaws, and one species of Amazon parrot, in all 28 
fipeamens, were placed in the cage, and. wdth few exceptions, have 
been thrifty and appear to enjuy their outdoor fi^edom. 
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SrAFSTTENASCE OF HVIUHSC.^, INrLOACIlE??. ETCL 

It RJis necessary to make quite eslejxsive repairs daring the year, 
fiq that the expendUiires for upkeep were somewhat larger than u^uaL 
Xew concrete floors were laid in two of the largest bear yards, and 
the pools rebuilt The concn^te base of tiie partitions between the 
sererjil yards was also built tip sufficiently to bring the metal work of 
the partitions abore the damp iloiyt^ 

A section of the boundan^ fence of the park was largely rebuilt 
and otlier porticHis repaired, and mueh of ihe metal work of cag^ 
tmd iiiclosnres repaintcdt including the flying cage and eagle 
cage* bear yards, antelope yards, and the outside cages of tlie sanall- 
niatnmal house. 

NEW BHtDOE HOCK CREEK. 

The sundry civil act for the fbeal year ending pTune con¬ 

tained the following item: For the construction of a roiigh-?tono 
faced or bowlder bridge arro^ Kock Cn^k to replace the ijrcLsent log 
bridge on tlie line of the roadway from Ailsnis Mill Boad entrance 
and Oithedral Avenue, $iM,000.^* Tlie act also includes the follow¬ 
ing provisions t “irereafter all plans and spcclficatioiis for the con¬ 
st ruction of buildings in tlie Nationul Zoological Park shall be pre¬ 
pared under the super^nsion of the municipal architect of the District 
of Cnlumbla, and alt plans and speeifiealions for bridges in said 
park shall he prepared under the siipcr^usiou of the engineer of 
bridges of the District of Columbia*” 

In accordance with this requirement, the matter of preparing plans 
and specificatiortij for the bridge was takim tip with the engineer of 
bridges very soon after the siindry civil act wa* approved (August SI, 
lOlS). A canstdemble amount of prcliininary work had Already l>een 
done w^heu tlie engineer of bridges died* The matter was taken up 
again with his guocesft>r and plans and siwifications ivere prepared 
and advertisements made for proposals April 98, I91S. A contract 
for the construction of tiro bridge was ejrtertd into May 9^1, 1013+ 
Tlio old bridge wns removoil as soon os possible, and work on the 
new bridge w^as begun about the middle of June. The bridge is to be 
uf rvinforced concrete, faced with rough blocbiof the blue gneiss found 
in this region* Stone for tho eoncrtlc is to be obtainrtl in the park* 
The span of the bridge is to Ise 80 feet arid the total length at the 
Hjad level 114 feet* Tlie bridge will be 80 feet R indies wide from 
outside to outride, ivith a width of 80 feet G inches between the para¬ 
pets* There will l>e a macadam roadway with coRcrcte sidewalk 
on either side^ but the construction of roadway and sidew'aJkH will be 
deferred until the earth fill has thoroughly settled. The work on tha 
main portion of the bridge covered hy ihe contract will amount to 
about $10^800, while the cost of material fiiruished by the park, prep* 
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arution of p1arL4. Muperintaiid^licet and other expeoseis will probably 
bring the total tsxsi up to $15^300. The appr&prifltioii, tlicrefore. 
will be Aufficieut to add wing walk if desirable, and to f^omplete the 
approaches. It U expected that all work under tlie contract will be 
Enished and the temporaty rondw-ay bnilt in time to open the bridge 
for b_v Oritober 30+ It ha* been necessary to dose the i™d to 
lehides during the construction of the bridge^ 

Most of the members of the old log bridge, which was erected m 
189Gj w^ere found to be in surprisingly good condition^ but it was 
so much decayed at some vital points as to be daugerons for use* 

ALTERATION OF THE WEST BOUNDARY OF THK PAttK. 

In the last annua! report^ aa in several previous reports, attention 
was called to tjic urgent need of aequiriag additional land along the 
w^em side of the park and the great de^sirability of extending the 
park to Connecticut Avenue. The mutter was presented to Congreve 
and an appropriation has been made for the purchase of the pri- 
mtely owned land lying between the western Ixmndary of the park 
and Connecticut Avenue from Cathedral Avenue to IGingle Kc^d^ 
ttie land in the induded highways aku to become a part of the park* 
The land to be purchased amounts to abont ten and two-thirds acres 
and that in the highways to about-two and two-thirds acres* 
Respectfully submitted. 

FfiANK Baker, 

Dj-; Charles D. Walcott^ 

Seer^Iary of /astitation^ 

D. C* 


Afffjsths. 15. 

HEPORT ON" THE .\STROPHYSICAI. OBSERVATORY. 

Sir: I have the honor to present the following report on the opera* 
tions of the Smith^nian Astroph>*3ical Obserratory for the year 
ending June 

PZQt^rWlKNT-V 

The eqnipniDiit of the observatory hi as follows: 

|«) At Washington there Is on inelosure of iibont IG^OOO square 
feetj containiug live small frame biiildmga used for obsen'ing and 
computing purposes^ three movable frame sltelters covering several 
out-of-door piecei^ of apparatus, and also one small brick building 
containing a storage battery and electrical dlstrlbiitiou apparatus 

(5) At Mount Wilson. CaL, upon a leased plot of ground 100 
feet square^ in horizontai projectioai are located n one-stoiy cement 
observing structure, designed especially for solar-constant measure* 
ments^ and also a little frame cottage, 31 feet by 25 fe^t, for observer's 
quarters. 

During the year there was erected upon the observing shelter at 
Mount Wilson a tower 40 feet high above the 12-foot piers which 
had been prepared in the original construction of thedjuilcling. This 
tower is now being equipped aa a tower telescope for use when ob¬ 
serving (with the spectre bolometer) tlie distribution of radiation 
over the sun's dbk. The coet of the tower and its apparatus has Lbua 
far been dlmtit $L^4CI0. 

Other pieces of apparatus for research have Imscii purchased or 
construcLetl at the ob^rvatoiy shop. The vntue of these add it tons 
to tlio instrumental aquipmentj not counting the tower above men- 
iioiLeil and its diuipnient, is estimated at $1,500* 

WOBK OF -riHS YEL\H- 
1. 05f THE squab C30NSTA3«T Or ^OlATJON- 

When Volume II of the Annals of the Astrophysical OWn^aiory 
was published in 1908 the standard scale of measureinenl of solar 
radiation had not yet been established. Several supposedly standard 
pyrhcliometcrs for the purpose of fixing the true scale of radiation 
measurement were constructed and tried at this observatory, m men- 
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tioned in fornitrr niJOrls. Th^i oUtfiiinKl clo^ly Uit- 

getlier and were chocked by observationa with knmvn i]uantUie« of 
heat. III October^ another type of standard pyrhellometeri 

which we called the water-sUr pyrheliometcr, was devised) con^ 
stmeted, and used* It prove^s to give values for the standard scale of 
radiation almost kkntical whh those which we had before obtained) 
and in this instrunicntt as in the othera, known teat qiiautUies of heat 
were introdiiced and measured witliin less than 1 per cent* In view 
of all tliese expert men ta wdli standard pyrbeliometerst it is now feU 
that the standard scale of radiation is at length fully t^lablished. 
Accordingly, a ptibltcation entitlod ^ Smithsonian Tyrheliometry Re¬ 
vised "■ waft isisiied Febniaty 11113, giving the it^ilLa of nil the 
definitive experiments on the standard scale of radiation aial also 
the experiments made to fix the scales of all the secondary^ pyrhcli- 
ometeiT^ in use at the ^Vsirophysical Oljservatoiy or funibihed by 
the Snnthsonian Institution to observers in this country and abroad* 

A small correction in the determinations of the solar con ri ant of 
radJatioii inade nt Mount Wilson and else where w^as found to be 
required owing to a residual effect of water vapor in the atmosphere 
which had not been entirely climinatetL This correction J^ometim^ 
reaches as gi'eat n magnitude as a per cent. It has now been applied 
to all (he mensiiremcnts made at the various station.^ which Imve been 
occupied since and all the so]ar‘Conri 4 int mensiiremenls, about 
700 in number^ have been rctlueed to the new standard scale of pyrbe- 
liometry. 

The mean value of tlie s<dar constant of radiation at Uie earth^s 
mean distance from the sim from almut 700 measurements* some at 
Washington) otlier? at Mount WilBOO) others at Bassour, Algeria^ and 
still others at Mount TTliitney^ Calt find covering the years from 1902 
to 1912 ^ has now been iaken. Il u cfd&rks p^r ^/jiusre ccfiii- 

iTif^rr pet 


2- THE VARlABItilTT W THE BUN- 

(rt) Aihmdinff /mn BpoU. 

In connect I on with the reduction of the measurements of the solar 
constunt of radiation mentioned above) mean values were taken for 
each month during wddeh observations had been made at Blount 
Wilson. These monthly mean values* extending from the year 
190 o to the year 1912 , have bticn compared with tlie so-cnllefl Wolil 
BiiiL-opoi numbers for the same months, Thu result shows, aa Indi¬ 
cated in the accompanying illu^mtionf that incivased solar^onstant 
values attend incrciuied ^um spot niimbero* An increase of radintion 
at the earthmean dstance from the sun of 0 * 0 T caloric per ^nare 
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centimeter per minute appears to attend an increased spottediieas of 
the sun represented by 100 Wolff sun-sjjot numbers- 

(ft) Short iiUtrvol irreffvler eariahUiit/. 

The obscrv'tttionfl •which had been begun in the year 1011 and con¬ 
tinued in the year 1912 at Bassour, Algeria, simultaneously with 
similar observations at Mount Wilson^ CaL^ efere concluded in 
SepteriilM'ri 1913. Tile observations obtained at the two stations have 



now Iwen completely reduced and compared. The results given in 
the accompanying diagram show conclusively that if high values of 
the solar radiation (outside the ntnwwpherc) are found from Cali¬ 
fornia observations, the values found from Algerian observations 
will be high also, and vice versa. In other wonls, the finctuation of 
tlie “solar-constant” values which had been found in California in 
former years are now shown to be no local phenomenon dues, per¬ 
haps, to atmospheric disturbances, but rather a phenomenon which 
is general over the earth’s surface and which must be attributed to 
causes outside the earth altogether. It would be conceivable that 
such a i-aiise might be the interpoBition of meteoric dust or other 
matter bet ween the earth and the sunj but other evidence, which is 
more fully explained in Yolunie HI of the Annals of tlic Astro- 
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phjsica] Observftloryj ahows that we muflt attriLute the clianges to 
the sun itself and not to the intcrposltitm of matter between the 
earth and the $no. Tims we may conclude that the sun is variable, 
having not only b periodicity connected with the periodicity of sun 
fi[jols, but also an itregnlar, nonperiodic variation, sometimes run' 
ning its ooum in a week or 30 days, at other times in longer jieriods, 
nnd ranging over irregular fluctuations of from 9 to 10 per cent of 
the total red tat ion in magnitude. 
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3^ niE BF¥Ti.nS OF VOIjCANIC EHUi*T10KS. 

^^olent cmplioii of ^louiit Kutniiii^ AJusikHj oecurr&d on Juno 6, 
and fi, 1012. Tho solnr observadoits made ut Ceu^ur, Algeria^ 
and uL Alotint Wilsoiij CaL^ began to indicute the presence of dtigt 
in the upper air from this volcano about June 2&^ 1012, The efCccb 
of this dust bcH'!ame more and more coitsidrrable, so that ia August 
thw direct radiation of the sun ’was reduced by the interp<^itioti of 
the duttt cloud hj about 90 ]ier cent^ both at Bassour and Mount 
Wibon* A study of the inSucnce of Mount Katmai and other 
volcanic eruptions was published by ^Eessrs, a\bbot and Fowle in 
the Snutlisonian BiTbceLlaneotis CoDections, volume 00, No. 29, 1913, 
It was sho’wn that not only the volcano of Mount Katmai^ but also 
other great eruptions of former yeara^ have materially decreased the 
direct radiation of the sun, and apparenlly altered the temperature 
of tlie eartlu Various obsen'ers have shown that the presence of 
sun spots Lj atteuded with a decreaiied terrestrial temperature* In 
the paper just mentioned it ia shown that quite as important an 
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Influence is attributable ii> tlie presence of vokunic haite; and tliut 
a trotnblnation of the effects of sun spots and Tolcniiic hiUEe accounts 
for all the principal outstanding irregular Ides In the temperature 
of tlie earth for the last 80 years. 

4 . VOLUME m OF TBtE ANNALS OF THE AeTHOl'HYSICAL OBSERVATOET, 

The principal work of the year was the reduction of observations 
and the preparation for publication of Volume LIl of the Annals of 
the Astrophysical Observatory. (Quarto; pp. Xl-f-Ml; tables. tO; 
inserted plates, 7; text figures, 32.) The manuscript was fonvarded 
to the Public Printer on April 1, and the first completed copy of the 
book was received on July 3, 1913, About 1,400 copies have been 
distributed to libraries and individuals throughout the world. 

In bnef] the experiments described therein, which include the 
work of the observatory from 1907 to 1913, appear— 

(a) To bare established the scale of meosuremrat of radiation to 
withiu 1 per cent. 

(J) To have established the solar consUut of radiation to within 
1 per cent. 

(c) To have shown by two indepeudeut methods that the sun's 
omissJou is not uniform but varies with an irregular periodicity of 
from 7 to 10 days on the average and with irregular amounts seldom 
if ever eiic^iog 10 per cent, 

(if) To have shown that the sun also varies in connection with the 
suu'spot cycle. The solar emission appears to he increased at the 
earth's mean distance from the sun by about 9.07 of a calorie per 
s(]iiare centimeter per minute for un increase of 100 Wolff sun-spot 
numbers. 

(f) A marked effect of volcanic dust in Uie upper atmosphere on 
Ibo radiation of the sun and on thn temperature of I he earth is 
indicated. 

Studies of the radiation of the sky, the effects of water vapor 
on the solar radiation, the distribution of radiation over the sun's 
disk, the probable temperature of the sun, and other subjects are 
included. 

G. ert^UlKS OF TUF TOAJ!<fl^tlSaiOS of WiNfl wave rays btt wateb vatoh 
IN THE EABTTt’a ATMOSFHJUIE. 

Mr. Towle’s experiments on the transmission of radiation througli 
long columns of air coutaining measured quantities of water vapor 
were temporarily discontinued owing to the need of completing the 
publication of Volume IIT of the Annok- Tie, however, published 
a paper on the quantity of water vapor found above tbe Jlount Wil¬ 
son station.^ 


^ JuartPil, lit, U- 
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Townrrl tHc end of the Oa'iiI yenr il viMHiuin bolometer was pto* 
pared for use in continuing the ciperunents on the transmission of 
Tcrj long wave rays through atmospheric water vapor. It is pro- 
posed to push this work in the immediate future. 


a, THE CAUTOBXJa EXPEDITION'. 

A grant of money from the Hodgkins fund having been made by 
the Institution to Ur. A, K. Angstrom for observations of nocturnal 
radiation at different altitudes, several other lines of investigation 
wore arranged to be included in ctmneetion witli these resenrebes. 
In tlio first place measurementa were proposed on Uie total radiation 
from the skj' by day. For this purpose and with the aid of a smull 
grant fiiom iho Hodgkins fund Ur, Abbot devUed and testcii a 
^ecud aky-niLlialioii appaitifiis. This instrument comprisca two 
blackened strips of metal, which are expofsed successively at the 
center of two metal pktes in such a way that tto whole hemianhere 
of the sky is free to shine on the exposed blackened strip, but nothing 
CM come from below the borison toward the strips. Each strip is 
at Uio center of a hemi^berical glass inclosure, which servea the 
purpo® of preventing the exdiange of rays of long-wave lengths 
(a.s.^iciated with the temp^tnre of such objects) lietwcen the black¬ 
ened stnp and the sky. ^lus tlie apparatus serves to measure the 
qtiantity of radiation, originally coming from the sun, which has 
become diffi^ly scattered toward the horizontal surface by tho 
tiiolecuies and dust particles found in the atmosphere, ^ 

nrfSn^ t the temperature and humidity 

Wrdm’s expedi¬ 
tion!, the Institution procured a large jiuiubeT of sounding balloons 

for flying 

these balloons from Sants Catalina Island, earning with each s^u^ 

temperature, p^ire, and humidity of the air. Captive balloons 
belonging to the Heather Bureau were also arranged to !» sent un 

Mr. Angstrom 

Wfta oocupyiiig two st atioins. 

As certain writers have expressed doubt whether measnremonta of 

MdTornT*^'^*!^ radiation made by lasngley’s method of high 
ow o^nations wjtb the .spectrobolomctcr reallv furnish the 
TOlar radiation values ns they would be found outside oiir atmosphern 
It seemed desirable to check these results by observing at the hET},«i’ 

For this purpose Mr. Abbott designed a form of pTrbeliomptivi. 
aimilar m principle to the* silver-disk pyrheliometef but S 
IS automatio and »lf-recording, and .Jl attach d ’to a 

mg WIoo». .„d to very greet Wgl.,., piv. “ pit 
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of thk ioMrmneot were prepared at the observatory shops bj' Mr. 
Kmiiier and Hr- Abbot, arid these were yent wilh the e.Tpedition to 
Califortim. To anticipation it may be said that the Jive instrumeiitH 
’ivere sent up on successive days, beginning July 39^ and at the 
time of writing this report two of tliem have been recove ted. Each of 
the two had n readable record of tlie ascension- A preliminary re¬ 
duction of the results shows that, beginning at an altitude of a bait 
6,000 meters and separated by altitude intervals of 2*000 or 3,000 
meters for successive exposure, four delertninatiolis of the solar 
radiatEon were obtained in each of tha ascents. The rough computa¬ 
tion mentioned results ag follows: First ascent: L44. 1.60, l.TO, and 
1*88 cakirles per square centimeter per minute* Second ascenti 1*6S, 
Ltj4.1.7G| and 1,80 calories per $quare centimeter per minute, 

Theae results arc subject to later rccomputatioUj but tliey indicate 
at least that our solar-constant work of 1903-1012 by high and low 
snn observations on Imnitigeneous rays, according to Langley's 
methods, gives results of the some order of magnitude as those 
obtained by direct pyrheliometric observations at exrtremcly high 
altitudes. 

Ko change has occurred in the stall of the ohservatorjj except that 
afiss F. E. Frisby completed her tcmponny sen ice as computer on 
June 30, 1013, and Jlr. A- K* Angstrom served as temporary bolo- 
metric nssislant in Algeria frf^m July 1, 1912^ to September 30, 1912. 

summaky. 

The work of the observatory has been nncoramonly successful* 
Volume HI of its Annals has been published, including the work of 
tlie year^ 1907 to 1012. The iiubservations at Ba^our, Algeria, taken 
in connection with those made simultaneously at Alounl Wilson, Cal>, 
have established the variabilily of the sun. A VHriability connected 
with the sun-spot cycle has also been shown. The mean value of the 
solar constant of radiation bos been fixed, it is thought, within 1 per 
cent* From about lOO observations, extending over the lime inter^'al 
from 1903 to 191^ and taken at different aliitudcg front sea level to 
1,420 meters, the mean value is 1.932 calories per squai^e centinteter per 
minute. P>TheIiometera liave been sent up by meams of sounding 
balloons to very great altitudes, and preliminary results indicate that 
they give vnlues of the solar radiation similar to those found by high 
and low sun observations on homx^neous rays. 

Respectfully submitted. 

C. Gp Abbot, 

Director AetTOphymral Obseru&tory^ 

InstlluUon, 

Dr, CiiAaLKs D. Waixott* 

S€CTelorif of the Smithsotiifin Inetitution-, 


Appendix 6. 

RETMIRT OX TIIE LIBR.VRY. 

Bm: I have tlip honor to submit the foUowitig report on work 
[M’rfonncd for the Smithsonian Library during the fiscal year ending 
June 40. 1013: 

ACCKftSlONS, 


The accessions to the Hbraiy nre obtained mainly by exchange of 
Stnilhsonian publications, or by gift. During the fiscal year 1913, 
33,101 packages of publications vrere received as exchanges and gifts, 
of ivhicti 29,065 packages "were transtnitted by mail and 4,096 through 
the International Exchange Sen-ice. In addition to letters written 
in aeknowledgement of publications received in response to the re¬ 
quests of the Institution for exchange, some 5,000 publications were 
acltnOTiVlcdged on the regular printed forms. 

The following niitiibcr of accessions for the Smitlisoiiian deposit 
in the Library of Congress were recorded during the year; 3^379 
volumes, 1,107 parts of voluiueft, 6,990 pamphlets, ami 450 ctiartB; 
total, 11,^26 publications. The mimlsers in the accession catalogue 
ntii frtim 506,769 to 513,026, the parts of serial publications entered 
on the card calalogne numbered 21,061,‘ and 1,2.56 slips were prepared 
for completed volumes. I'he various publications sent tn the Library 
of Congress as soon as rei'eived and entered filled 257 boxes and com* 
prised 30,350 separate piens, including parts of perio<licals, pam¬ 
phlets and complete volumes. Besides these, .about 1,704 parts of 
serials needed to complete sets were obtained by exchange and sent to 
the Library' of Congress separately. 

As in previous years, public documents presented to the Institution 
were sent to the Library of Congress without being stamped or 
record«1. Publications of this class to the number of 9,866 were 
transtnitted in this manner during the year. 

Tlic Smithsonian Office Library and the small collections of books 
maintained by tlie Aatrophyeical Observatory and the Xational Zoo* 
logical Park received accessions nniounting altogether to 5*3, di¬ 
vided as follows: Smithsonian Office, 314 volumes, 3T parts of’vol- 
limes, and 19 pamphlets; Astrophysicul Observatory, 90 volumes, 21 
piirts of volnmes, and 69 pamphlets; Xational Zoological Park. 13 
volumes and 10 pamphlets. 


•Odly a tioriiDD «r Ibcn* tn Inelitfcd la rfat roriKnliu; ittUrtca of aiM.tn... .. 
trt tot r«0rt ^ 

&4 
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liTKCIlAXGICpS. 

Through correspondente, 140 now perinclicak were added during 
the year to the great collection of scientific journals contained in the 
SmithsonJnn deposit, togetlier with 1^704 parts needed to complete 
volumes in the various ^ries. 

The matter of the completion of sets in the Smitltsonian dc^xisit 
received special attention^ Revised want lists for Belgium, Dcii- 
mark, France, Germany, the Netherlands, Norway, Sweden, and 
Switzerland were taken up, and, so far as possible, the needed parts 
were supplied. These li^s were additional to the regular want cards 
received separately froni the Library of CongresiS. Ah a result of 
the work carrierl on in this direction during the j'ear, 102 parts of SiO 
different publication^ were sent lo tho Library of Congress to com¬ 
plete setix of periodicals in the Smithsonian deposit and 1,475 mining 
parts needed to complete volumes of 173 different series of publica¬ 
tions of learned sctcietios and scientific institiitionR For other divi¬ 
sions of the Ijibrary of Congress 37 parts of 10 sets were supplied* 

In exchungo for annual reports of the American Historical Asso¬ 
ciation a number of publications of Eumpenn hiidorical Bocietiea 
were obtaine<l for the libra^rj% us in previous years. 

iiCAinNii XtcX)M. 

The rearrangement of the reading rtH>m in the Smiilisonian build¬ 
ing mentioned in last years rcp^in was completed. Two new oak 
fables have been provided, a large one for restlers and a smaller one 
with bins for periodicals. All the doors have been removed from 
the cases of pigeonholes for periodicals which stand against tlic 
walls and proper space made for desks imd aisles. By the^ changes 
the appeamnee of the room has been mtich improved and the period¬ 
icals made more readily accessible* The latest issues of about 262 
domestic and foreign aerientific periodicals are now' constanliy at 
hand and are consulted by tlie staff of the Institution and iti 
branches, the scientific officers of various governmental eatablisli- 
ments in Washington, and students generally. The series of large 
siccesdon books formerly kept in the reading room have been re¬ 
moved to the adjoining office and placed in a special cai^. A partial 
rearrangement of the contents of the room farther to the cast was 
effected dudng the year for the purpose of maldiig the encyclopedias, 
dictionaries, gazetteers, and other books of general reference more 
readily accessible. This room contaijus the transactions of the vari¬ 
ous academies of the world and other similar series which are con¬ 
stantly needed for reference by the scientific staff of the InsLitution. 
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AEU0\A1;TI€AT. LIBKARY. 

The Insliiiition possesses an excellent coQettlnn of lUeraiiu'e relat¬ 
ing to the subject of acTonautlcs, whicti is kepi iti the room last men* 
tionod. This very valunble series of publications is rich in perichl- 
tcols, especially those of early date. During the year nil the hooks 
were riK'las&itied and the volumes of periodicals were collated and 
made ready for binding. 


ART ROOM Amt EMPLOYEEM' MilRARY. 

No additions to the works on art contained in this rt»m were made 
during the year and the arningcmcni remained nnclumgcd. All 
works relating to other subjects than art hare been eliminated, and 
those properly Inflongiitg in the room arc in good condition and 
readily accessible. 

No changes were made in the small collection of geuenil Jit cm It) re 
known as tlie eniployccs’ library for ibe reasons mentioned in last 
year's report. 

A‘EW STEEL IlOOKSTACKS. 


The estimates for tJie Biteal year 1914 contained an item at if-10,000 
for tlic oiwtion of metal hookstacks in the iiinin Imll of the Smith¬ 
sonian building, to contain the libraiy of the Bureau of American 
EUtnologj', a part of tlie Nntiojial lluscum library, together with 
books belonging to other brunches of the Institution, and certnin 
collections of Smithsonian Ixmfcs used by the scientific and adminis- 
trutjve stair. Toward the close of the tscal year covered by this 
rcixirt Congress appropriated the .sum of $15,000 for licginnii^ this 
work and armugemeiiLs were immediately made to secure a design 
for the bouk&tacks. In accordance with the plan proposctl, a floor 
space at each end of the hall meastiring 50 feet by 5{! feet will bo 
devoted to the stacks, which will be arranged in three liciw and reach 
from the floor to the ceiling. In order to increase the shelf capacity 
and at the same time preserve the appearance of the hall, « aeries of 
bookcases about 8 feet high will l» carried along the north and soutli 
walls, connecting with the stacks at each end. The object of this 
arrangement is to concentrate the various coJIwlions of boob as far 
as practicable and at the same time to pres-rve tlie symmetry of the 
hall, and to leave the central portion open for eshibits and' for va¬ 
rious Smithsoaian gathering. A portion of the space will probably 

the personal relies of 
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I CATATXJGUE of aailTHSONUN PUBLICATIONS. 

f A COD tract was entered into during the year for the prepur a tion 
pf a complete catalogue of the publications of the Institution and its 
branches in book form. It is espccted that the manuscript will bo 
^nished wilhin a few months and that means will be found to print 
and issue tlio catalogue without serious delay. 

UB RABIES or T«K UOYERNMENT BBAXUHE.S. 

United Stiif*!* Ntitionttl Mu9euTn»—ln accordiince wilb the plans ap¬ 
proved last year, four rooms at tlie northeast comer of the new 
building of the National iluseum on the ground floor (Nos. *24. Sil, 
27, and 2S) were fitted with steel bookstackii and other library appli¬ 
ances of the latest design for the reception of the portion of the 
Museum library needed iu connection with the study and clossihca- 
tion of the natund history and oUicr collections in that building. 
The three rtMius on the nortli side of the corridor not being separated 
by partitions, I he entire space of 107 feet by 21 feet was divided into 
three portions of uncr|ttnl dimensions, the western portion being as¬ 
signed for a general reading room, and also for the card catalogues, 
reference books, charging desk, etc. The middle portion, of smaller 
dimem^iuns, for quiet reading; and tho larger eastern portion for tlio 
general stacks. The stacks are in two tiers separated by n glass floor. 
In the middle room tho arrongenjent is similar, except that a targe 
table occupies the ceutml floor space. A gallery which extends 
around three sides of the general reading room also supjwrts stacks, 
and on the ground floor additional shelving occupies the cast wall of 
this room. Open shelves for current numbers of periodicals occupy 
the space under tlie windows. Two steel manuscript cases have been 
placiM in the middle room, and a srnall lift for raising books to the 
upper or mcaatanine floor, and suitable staircases have alse been pi'o- 
vided. A special feature of the stack ruont is that every second stack 
U but feet high instead of 7 feet. This arrangement reduces the 
total shelf capacity a little, hut provides n place on which to lay 
books when they are being rearranged or used by reatlers. -Vs the 
members of the staff and other students are permitted to consult books 
in the stack room, the provision is a necessary one. 

The room on the soutli side of the corridor (No, 27) was arranged 
as an oflice for the assistant librarian and the cataloguers. Boob^tacks 
extend around the walla of the room on three sides, and there are 
two additional stacks, dividing tlie room practically into three, 

T1)g steel sla^'ks were compieted about October 15, 1912, and the 
moving of books from the old quarters was bcgim immediately. The 
task of placing the books on the new shelves occupied about a month, 

446 m*—an lots - T 


08 


.K?rKUAL REPORT SMlTUSOSIAlf IS&HTUTIOX, IP13, 


daring 'irbidi time they vrere, nevertheless, available for use by 
readers and tite delivery of books to the sectionaJ librnries was not 
internipted. For moving, the books were tied together in lots of con¬ 
venient size for handling, and eaeh tot received a number, It was 
then a simple matter to pat the books in their proper places on tlio 
shelves in the new library. After they were in place, the libmry 
was fortunately able to employ temporary osaistanls to go over them 
all for the purpose of chocking up the various series and ligccrtaining 
whether the volumes wore all present and in tlieir proper sequence. 

The arrangement of the cards belonging to the Zurich caiulngue of 
scientific literature has been perfected, and they are now available for 
reference, 


In accordance with the plans decided upon, ae meniitmod in last 
year’s report, the books on museum administration, technology, his* 
torv, botany, and some other subjects were allowed to remain in the 
old quarters, where they would be nuajt readily accessible to the tnem 
Iwra of the staff and others working in those lines. It is the inten¬ 
tion, however, to transfer the botanical books to the new stacks in the 
Smithsonian Building as soon as the latter sliall have been com¬ 
pleted. 

Tiim portion of the library was rearranged and recatalogual na 
rapidly as possible, and with the aid of additional help the publica¬ 
tions had tiecn classified on the shelves at the close of the vear and 
alioiii one-half of them recatalogued. The following work in this 
dirwtion was accomplished during the year: Books catalogued 
pampblels, 3,410; total numlwr of cards made, 3,133, Cbm- 
plded volumes of periodicels catalogued, 3,938; parts of publications 
Itf.osn; total number of cards made, 1,117. ' 

During the year 881 volumes were prepared for binding and- sent 
to the Government bindciy for that purpose. 

Many impormut gifts were received by tJie library during the vear. 
and tlie followup membera of the staff presented publications :\^c: 

I) William H. 

all, Mr. Robert Rid^ny, Dr. C. W, Richmond, Dr. J. C. Crawford, 
Dr, O. P. Hay, and Mr. W, R. Mason. 

Tlic Mtweiim library now contains 43,602 volumes, 72,043 unbound 
papera, and 122 manu^ipts. The amEssion.? during the year covered 
by this reiwrt consisted of 1.G90 Iwoks. 2,313 pamphlets, and ISO 
pan^ of volumes. The mimljcr catalogued, exclusive of those men- 

593 complete vohimS 

periodicals, and S.'299 pamphlets, w^umea oi 

periodicals, and pamphlets borrowed from 
the general library amounted to 2o,S46, among which were S^SS 
obtained from the Library of Congross, 117 from the Departmenf of 
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Apfriculhire, Tl from the AnriT Sfedicul Museum and library, 5f> 
from die United States Geolo^cul Survey, and !0 from other libnu- 
riesi* Ptiblicfltions to the number of 4,882 wore assigned to the sec- 
tioriRl libraries of the Sfuseum during the year. 


The following is a complete 
existing: 

AUraiiitati^tioi]. 

AduillU^trntlTe aBefsteDt'a otUee. 
Anthrtipology, 

BIrdH. 
liotiiay. 

OomimratLve anatomy, 
r^ntor> oHea 
Kttiaotogy^ 

Fisbra, 

Orafflile art& 

IruwctEL 

Invertebnito [l^Illeontio^ogy. 

MummiLkL 


list of the sectional libraries now 


MEfine lan^rteliinte^ 
ilatetia medlca. 
Meehanlc^al teebnoTof^^ 
MotlnskK 

Oriental arcbeology. 
PnJeotxitaxLy. 

PanmltK 

Pbotograpliy. 

PhjTiSeal Dutbrapologj. 
Prehbttortc itrclieo^egy- 
Belittle# Jimt batracilLJana- 
Rnperintefwlent'a office^ 
Taiklenny. 

TP3CtB«|L 

Vettehmto L^leoatnlei?^ 


The records of the Mu^um library consiet of an author's catalogue, 
an acces^on book, a periodical record on standard card!;^. and a lend¬ 
ing record. This lending record is on cards and includes boobs 
borrowcfl from the Library of Congress and other libraries for the 
use of the staff. 

The library is largely dependent upon tlie exchange of ]^[useuni 
publications as a means of increase. During the year many letters 
asking for missing parts and for new exchanges were sent out, and 
n number of seLs were completed in thh* way and new publications 
also added to tlie library* 

- Rurciiu o/ American EtAnolo ^^.—The report on tliis libraj*y will 
be made by the cttmolugist in charge and incorporated in his general 
report ^^n the operations of the bureaiu 
Astrophf/Kft'iiJ Obaerttatart /.—Tlie small collectioti of book^ con¬ 
stituting the reference library of the AsLropIiysical Oliservatory was 
rearranged in tile ca^^ in tlie main hall of the Smithsonian Building, 
to which they xvere traui^ferred frcrni one of the tower rooms. During 
the year tX) volumes, 21 parts of Tolumes, and 00 pamphlets were 
received. This collection of books will eventually be placed in the 
new^ steel stacks, for which an appropriation was made at the last 
session of Congress, 

Zoological Parl \—A Email number of boobs on zoological 
subjects are kept in the office of the superintendent of the park. 
During the year 13 volumes and 10 pamphlets were added. 
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SUitMAHY or ACCESSIONS, 

Thf following ^fltement sutninttrizfe& all tho acceastons during the 
year, except those made to the library of the Bureau of American 
Ethnology i 

To thB SmitliBoiiJan deposit In Uie libnLfj of Coogrosa LacJudioa purta 

to complete mis (ace pl 04)^_______ _ _ 12^030 

Tti the HiuKhaqolaa oiflce, AittiDplij^aical Oliaervatory, ana Zoological 

Parli-- - - -- 673 

To tlie United States NHtlonal Mneeum _ . _^_ 4^062 

Total ----- It.aUB 

Very respectfully, 

F. W, Tatns, 

AMt^tant Secr^tari/i in 

of Library aiid £xcAanye$* 

Dr. CiiABUE^s D. \Vau»tt, 

Seor€t<rry of tke StnilAsonian Imiituiim. 
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REPORT ON THE INTERNATIONAL CATALOGUE OF 
SCIENTIFIC LTTERATUrRE, 

Sik: I have the honor to submit the following wport on the opem- 
tlons of the United States Bureau of the International Catalogue of 
Scientific Literature for the year ending June 30,1913. 

The Internatiohal Catalogue of Scientifir literature nowconastaof 
33 regional bureaus, a new bureau reprusentingthe Argentine Republic 
haring been recently established at the Univereidad de Buenos Aires, 
It appears probable that Bolivia will soon also be represented by a 
regional burean. The foUowing-nRmed countries are represented by 
regional bureaoH supported in most cases by direct govermnentiU 
grants: Argentine Republic, Austria, Belgium, Canada, Cuba, Den¬ 
mark, Egypt, Finland, France, Germany, Greece, Holland, Hungary, 
India and Ceylon, Italy, Japan, Mexico, New South Wales, New 
Zealand, Norway, Poland, Portugal, Queensland, Russia, South 
Africa, South Australia, Spain, Straita Settlements, Sweden, Swit- 
aerland, United States of -tVjnerica, Victoria and Tasmania, and 
Western Australia. 

These bureaus, acting through the London Central Bureau, form 
the organisation of the Intcmationnl Catalogue of Scientific Litera¬ 
ture, whose duty it is to collect, index, classify, and publish a current 
catalogue of the world's scientific literature. The London Central 
Bureau aasembleii, edits, and publishes the classified refereucca sup¬ 
plied by the regional bureaus, 

Tiic enterprise was begun in 1901 and since then there have been 
published annually IT volumes, one each year for the following-named 
branches of science: Mathematics, mechanics, physics, chemistry, 
astronomy, meteorology, mineralogy, geology, geography, paleon¬ 
tology, general biology, botany, Eoology, anatomy, anthropology, 
physiologj', and bacteriology. 

All of the first 9 annual issues of the catalogue liavc been pub¬ 
lished, 14 volumes of tlie tenth issue, and 2 volumes of the eleventh, 
a total of 169 regular volumes in addition to several special volumes 
of Schedules and Lists of Journals. 

The annual subscription price for a complete set of 17 volumes i.s 
$86. The receipts from the sale of the catalogue are used for the 
maintenance of the central bureau, which pays for editing and prim- 
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iiig the catalogue. The balancffi sheet for the ninth annual issue 
showed a credit for that issue of about $1,500 over and abave 
pense^ Thb is considered a satkfflctorj showing in view of the fact 
that undertakings of this kind are in no sense commercial and can 
hardly he expected to meet necessaiy espenses without aid from an 
endowment or some similar source. The enterprise was begun with¬ 
out a working capital other than the sums advaiice<l from tirue to 
time hy the Royal Socic^- of London. As interest is paid on all ^sums 
so advanced the fimmcial showing is not what it would have been had 
the enter]>n:$D pcsssessed a working eapitaL Tlie sum needed to 
completely pay off all obligstions and leave a Buhstanlial iMihmcc for 
the maintenance of the central bureau is only about $T5,d00j anci it 
would be difficult to find an object more deserving of assistance and 
encourngeuicnt than this International Catalogue of Scientific Litera¬ 
ture whose purpose is to aid research and investigations in scientific 
fields by funiislung a current classified index to the literature of 
sseience. Some idea of the extent of the work may be gained from the 
fact that about two and one-half millioD classified citations were re¬ 
ceived by the central bureau from the regional bureaus since the 
beginning of the enterprise in 1901, of these over 290.000 were pre¬ 
pared by the regional bureau of the United States. 

During the year 27,995 cards were mit from this bureau to the 
XA>ndon Central Bureau, as follows: 


Llteratiue ot^ 

1902_ a 

10O3____ - J5 

IDOC™___ 1*1 

100S__,, _ 14 

inoa, ..---I 

lOtPT - 220 

_ 324 

IMO - IS55 

1»10 - 3,214 

Itttl.- -—.— -----^ o,aso 

1»I2 - lfi,4:2S 


Total_______27,006 
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The followixig table sJioirs the tiiiDiber of caitls sient each year ^ 
well the number of cards representing the literatutie of each year 
from l&Ol to 1912, mdusive: 


Ltivomn 


Yw cjadtofl Juii» 

ao— 


iwi 


IWU-. ... 

S^9W 


iBia... . 

i, L^a 


iElD4, 

SplHi 

P*tJM 

ISK.... 


!l,7S(fcl 


301 

JLyi 

WDF?.. 

3St 

411 

IflW.......... 

m 

AS 

imn 

m 


19^10*.*........ 

H 

m 

Ifltl . 

Hwa_ ___ 

» 

i » 

1913........... 


D 




lUDQ 




ItM 


mi3| 

B.OQE 

atzS SpM e.(iaaLia,sTfi 
auj S^AR. 7,ii? 


SfS 

Sti 

1 

* 


30»i 1^454 


lii 

13 


i»p 3)ms4 

i r 1 


i.i® 

II 


^SJ.WD^Tri 


ifer 


im 


15,W 
3,l«lt fi^SOg 


*.4WI 
1,409 
3TI 

4iE| I.liO] |,WS 
Ul 936 391 


135^ 


1,301 




IW 


lIpCH 

8. 

a,37i 




ifilo 


IVI] 


S,S1 

3p9U 


Li,STl 


9a, I3r|i3,tei 


IVU 


ie^«s 


Total 

yw. 


f,W0 

9i.,9±a 
11, IS5 

2S,B^ 

3i,foe 

l^VOD 

57,3&l 

I7r«a 




16,^ 3D,m 


Control over the catalogue is vested in a body known m the Inter¬ 
national Convention which luis held two meetings ia London, the 
last being in 1810. In the inten'ak between the meetings of this 
body the administration of the catalogue is directed by the Interna- 
tioruii Council ea^jiceted to meet in London once in throg years and to 
which each country represented by a regional bureau is requested to 
send a representative. 

ileetings of the Inter national Ct)iincil were held in 1904, 190T, and 
in 190011 and a meeting of the International Convention was held 
in 19LO, 30 that a meeting of the International Council was planned 
for 1913. This meeting, by a vote of the esecutive committee, was 
postponed until 1914, ns a number of new plans for the reduction of 
cost and increasing the efficiency of the catalogue were either Just 
going into effect, or liad been in operation but a abort time, anti it 
wsa felt that the Inter date would give the membera of the council 
a better opportunity to judge their value. 

Very respectfully^ 

LEONAttn C, GuNyELL, 

in Charge^ 

Dr* CiiAiuxa D* Waiamt, 

SemitaiFy o/ /Atf Srr^^hsontan^ /nstUuti&n^ 















































Appendix 8, 

ItEPORT ON TIIE PUBLICATIONS. 


Sm: I Lave the honor to eulimit the following' report on the publi¬ 
cations of the Sroithsonian Institution and its branches during the 
3'eBr ending June SO, IftlS: 

The Institution proper published during Iho year 40 papers in 
the series of “ Smitlisoninn Mi-scellancouii Collections.” an annual 
report, and pamphlet copies of it7 pai>ers from the gencritl appendix 
of the report. The Bureau of American Ethnotog}- published an 
annual report and 3 bulletins, and the United States National ilu- 
seiiin issued 96 miscellaneous papei^ from the Proceedings, a new 
bulletin, reprint editions of 2 bulletins, and 9 parts of volumes per¬ 
taining to I be National Herbarium. 

The total number of copies of publications distributed by the 
Institution proper during the year was 111^83, or 1,0:»2 more" than 
during the previous year. Tliis aggregate includes 600 volumes and 
memoirs of Hmilksonian Contributions to Knowledge, G2 688 
volumes and pamphlets of Smithsonian Miscellaneous C/oUectiotia, 
22^401 volumes and pamphlets of the SmitlKonian Annual Reportal 
8,787 sjiecial pnblicatiotts, including volume 3 of the Annals of the 
Astrophysical Observatory and reporte on the Harriman .Uaska 
expedition; 15,070 volumes and pamphlets of the Bureau of Ameri¬ 
can Ethnology pubJieationa, J,C46 Annual Scporta of the American 
Historical Association, 8 publications of the United States National 
Muspiira. and S3 piiblicationB not of the Smithsonian Institution or 
its branches. The National Museum distributed a total of 71 GOO 
copies of its sereral puhlimtions. ’ 


SMtTHSOXiAN CONTOlSmONS TO KX0\VT.ED(;E. 

titrkXTOy 

No poblimtions of thk were issiied during the vear. 
fllllTHSQNlAN MISCELLAKKorS COLLECTIONS. 

Of the Miscellaneous Collections, volume 57, 2 papeni were pub- 
Iiflheil : of volume 68,1 paper, and tltle-pagi^ and content# of the vol¬ 
ume; of volume 59, 5 papers; of volume IM, 28 pa|iers; of volume 61 
I papers; m alL 40 papery^ These are lis follows^ * 

l£Kl 
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Ff^rumr -57. 

Ko, 9. Yorh I^>tBdum-IlDjt Fntitiii. Hjr Cturles D. Wntcott. I'ulitlBbed 
J4, 1&12. ps 213®.) 

10, Gmuii terBiS for lower Ditd niijief c:^nibrlan serlefi of fonHjiliim^s. Ky 
Charles D. Wulcatt Steplember 1®, 1012. ^ pt (FnW. 2131-) 

Ffliifme ^ 

No, 2; BlbMoKTfiliiby of tlie geotogj' fittd jutiieniSo^ of tin. Hy Frnuk L. una 
Kvh Hhih. 20. 1012. I". 40® p. (Ptilil. 

Title-imRVfl and rontnt]t:& DecEOibor 33,10l2^ v ji. (Pobl. 2100.) 

roJufflo 59. 

No, 11, liE|»dltlons orsunlied ntid (wirtlcipHitcd In by the Stultlison^nn inwlUti- 
(ion 111 1010 und ISll, July IT, 1012, m |i,. 3 m (Fubl. 
2S0ST.) 

No^ lO, Now Pudimta fmcH Bfltlall Eosfrt Africa. By Bdluund HeltDr. July &, 
1032. 20 p. <PubL20!H.) 

No. 17. New DlptefO ffom Faunma. By J. It MeHocIl July 13, 1012. ® p. 
(Publ. 2133.) 

No-IB. Nw sjieeles of InniliilHJlla from Pauantn Caniil ily Wlllhhiii H. 

mil July 2T. 1012. 3 p,, 2 pLa. (Publ. 2134.) 

No. 20. Tbu reco^ltion of PlelKtoeene fkiantts. By Oliver V. ttey. xVupwr 17, 
1012, M p., IP Dpi. (Pubt 2l3£l.) 

VolKfiir ^0. 

No, 1. Tliiw new apeclea of Plptiftcnlldie fDIpteni) fmm Foiihom. By J. It 
Malludi. SeiHwnber a 1012. 4 il, 3 Dirs. tPdbl. 2141.) 

Nou 2. New luamiuala from ehsietii mnnmfl. By E. /l Goldman. SejsteujlHhr 
20, 1032. IH p. (PubL 2142-) 

No. Br l>eai?rlliUmis of iit»w and fmtrtpedes of blrtls fmtn Pun- 

nmn. Colombia, and Ecuador. By K, W. Nelsou. Sepletnber £7. 1012. 
2C PL (Pnbl 2142) 

No. 4. Bubolxul cotton: A nevi' spools of Goasyplum from fiunlemala. By Fr^il- 
crick Ij. Lowton. Oertotwer 2l< 1012 2 p., 2 pla (Pubt 21N-) 

IS. Kokin : A new senuH af Hnwnilan troci By Fredoriek I* t^wton. 
October 22^ l&Jl 4 jx, 0 pin. (PubL 214f3.) 

No. a The cotton of the Hopl lodlniis: A new siiecie® of GowyplunL By Fred- 
erUk L. Left toiL October 23,1012. 30 p., fs pin. (PubL 2140.^ 

Kol 7. Dcflcrlptlotis Of Ode htilklrcd atkl four nen^ s(Meclca bihI subufteclfs of blrdfl 
from the Ennissan Isdnnda and ftunintra^ By Harry C. Oberboiser* 
October 20. 1012. 22 p. fPobI, 2147.) 

No. a Now eenem and rneea of Afrk^n unjrulntrtv By Edmuiifl Heller. No¬ 
vember 2, lOia 10 p, (PnbS. 2140.) 

No. 0. A recent rnetcoriic fall near Heihroofc, Nnrnjo Coonty, Arlaeim. By 
GeorE? P. MerrllL November 21* 1912. 4 (x <PiibL 2140.) 

No. 10. The crtnoldB of the Natnml History ilusnciD nt Hamburg. By Aitrtin 
Hobart Clark. November 7t ISia 33 p- (PubL 2im) 

No. 11. A foBEd^ tootbed cetacean from CflUfomla, reprewntluE n new iremi* and 
fipeetea. By Frederkk W. True- November 1, 3012. 7 p., 2 plA 

(Publ- 2151.) 

No. la New races of tcswttvonw, bata, Hdd lemura from Brltli^ Kasi Amm- 
rty ^mund HetSer, Novetdber 4, 1012- 13 p. (Publ. 21^) 


lOfi AlffKVAL ftEPftBT SlirraSOXlAN 1013. 

Xo. 13^ A study of lb? fiiilliiUy of tbe sht^bc^ walor In Uie Noitli Focldr Ocwin 
niiil Uie ailj:ict^t Kin^liwifd wjuja. By Aii^tlll notiart Clork. Dowiubcr 4. 
1D12. np. (Pnbl21G3,) 

No. 14. manmuLls from iht hJ^sliS mills of StlieiiQ^ By N- Hodlster. No- 
Y^tor 2Slp ltl2L (I p. (FuliL IflST.) 

No. 15^ A ru^ Hilispecrsa of crorablU fttim NetYrounillJindH By A* C Bent. 
December 12. 1912 3 p, (BilbL ^5S.J 

No. 10. Bt.>malDa In Enstem Astn of ibe mco ibrit prarlcd Atnerloo. By Atei 
nrdllfko. DoeimiWr 31, 1012 C S plsi {Pabl. 21KJ.) 

No. IT- Nolesi on Ajnorlctiii iqw«l€s of Perllmtun, witli a Hot of bnowo fonusL 
By AtJUttln llobnrt Clnrk. Januafy 23, 1913. 5 |x (f^l. 

No. 13. SniUljfliiiiiiiii pyrLol lom&try reTlseiL By d G. Abbot nnj T* B. Aldiieh. 
Pobrnitr}' 1. 1913- 7 p- <PiibL 2iOI.) 

No. I©. Iiosciiptlon of VL nw gmijelle from northiYeitt^m ^oni^llit. By N. lloS- 
llHter. February 3^ 1013. 2 p. (PubL 2105.) 

No. SCI. Eicscripiloii of n new Afrtcnii smss■w^l^b^er of tbe i^us Clstlooln. By 
FArslt a. February 14, 1913. 2 p, (lU^L 21CC.) 

No. 21. Two new subsiieclcfl of birds from Uie oltipeji of !L|oiinl PJrrip cflsteru 
Panoma. By d W. Nc^eoii. Februnty 2C^ I3l2 2 p, (PubL 21070 
No. 22- DeecrlpHniiu of new pioninanlB from Pmiulua ond MeySeo. By E. X. 

Goldman. February 28, 1013. 20 p* {PnbL 2163.) 

Nil. 24. Two new mamiualB frum Ibo Blberbiu AUal By H Homatarp Silftfcb 
13, 1013> 3 II. (PubL 2171.) 

No.tSV, DiuEnMia ef a nen* beaked wlialo of tlm genus Mefioploilou from the 
(xswt of Nottb CayolliuL By Frederick W. True. Mnrob 14, 1013. 
2 p. CPubi. sms 

No. 20. Notice uf tlie uceurrence of a FleSatocciie cnmel north of tlie Att!tJc 
Clrole. By Jami^ WUllanis Gldley. March 2l, 1913. 2 p, tPubl. 
21T3,) 

No, 27. An exllnci American eland- By Jnmee WIlllntnB GlOley, March 22, 
1013. 3 pH 1 pt ^PubL 2174.) 

No, 28- A new vnie froni eontetti Mon^lla. By Gerrft 3. MlUer, Jr. Mnrcb 31+ 
imS. 2 pvp 1 pi. tPubl. 2176.) 

No. 20, Volraiioes and climate- By C. O* Abbot nnd F. E. Foivle. March 2§, 
1913. 24 tu 3 Hew (PubL 2176,) 

romniif 6/. 

No. a, iH^rliilloM of the eitull of mi exilm-t horse, found In central AlaHki- 
By Glher P, Hay* June 4.1913. IS ik, 2 iilw (Fubl. 2131.) 

No-3, on fresh-walar Ooiiepoda from rniiaifia+ with. tleserlpBoba of 

new s^wcles. By C. UwiEbt ^Enrab. luuo SO^ 1013 l 30 p,, 3 pla 
<Publ. 2182-) 

No. 4, Katfordla, a new geniiH of ferns from Peru. By William JL ^Eii^on. 

SBiy 2«. 1913. Ti p,. 2 plw. 1 Olf. (Publ. 2m,} 

No. 6- A hew dlnDsaur from tlu> lance fomiatliHi nf Wyemluj^ By Clmrics W* 
Gtlmoie, aiiiy 24, 1913* b p., 6 OgW (l^ihip 2184,) 

The following pupers of ilie SmUlisonbn MissL^inneous CoUec- 
tion& were in prcHs at the dose of tlie fiscfll year: 

* 

I'of WJHC 57 , 

Nci.ll. C'^mbrhiii EndoRy ii[iii paleontolri^^, Tl. New I^iwer Cnnihrluu Hubfamm. 
By CbnHeai T>. WnltHJtt p,, StMid pla, (Ibibl, 2186.) 
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Xa 12. C^mbrlfin atKl ijek^jtitjaioai^^ U. OtmbrJati fartuatlona or 

llobflon Feak dlAtrick tirftMi Coluinbifi AxuL Alberta, Caimdn. 
CbarloB D- WatcutL 327^343 i%, 55^ (PvtbL 21^) 

No. 13^ Cuinbriim geology and paleotitology. IL Dlkelocepbalua ami otber gen¬ 
era of tlie OikBloeopluiHne, Bj Ctwrle^ D. Wnlcott ^fh-40S p., GO¬ 
TO piB. (Fubl. SnST.) 

^ roJtiffif 

NohIO. Sarly Korae VlRita to Xortb America. By William H, BobeoelE. lU, 
213 p.* 10 plft. (FubL 2i3S.) 

No. 23. Tbo liiGoence of tlic ptiuo8[ibare on onr boaltb nnd couLfort In cooOqoiI 
ochI croirded plami By IjeonaM HLU, Martin Flacky Jaii]E>fl Me- 
Iiitonb, B. A, ItowltimlA^ and IL B. Walker. Hodgkins FtmO. 0^ p. 
(PubI.2lTa) 

No. 30. H£piont0oQ« and GelU-work of tbe ^mltheoninti loHtitqdoo to 1912. 
te tu S2 flga, (Hod of volume.) (PnbL 2178.) 

Vofaeie 

No, 1. Tbe MTilte Bblnoeerc®. By EdmuM Heller. 77 p., 31 pla. <PubL 
21^.) 

SMITHSONLO; ANNUAL BKTOKTS. 

Rffp&rt for 1911^ 

The Ajintial Report of the Board of Ke^nts for li)ll was received 
from the Public Printer in completed form in January^ 1013. 

Anunal Bejxjrt of the Board of Heists of the SmlUifionlaa Xosiltutidm ahow- 
Ing opemtlomi, ex(>eQaitnxt«. nod Conditions of tlie tnatltatlou for tbe year 
eodiiig Jane 30. 19LL xlJ, 08S p., 07 pla. (FohK 2005.) 

Small editions of the following papers^ forming the gunenl ap- 
pendiic of the animal report for IQll, were i&sue^l iti pamphlet form; 

The gyrofltatlc oorupossL By H. Mnrclniiiil 8 3 pL (Publ. 2000.) 

Radlotelefrrapliy. By G. Uoreool IB p.p 1 pi. {PahL 2007.) 

Multiplex tclephcnj and tele^pliy by menna of electric vravea gnlded by wires. 

By George Q. Shuler. 21 p., 1 pi. (Pnbt. 2001^) 

BeeCbt expertments with Invisible light. By B. W. AVooO, 12 li.. 0 plN, iPabt 
SWO.) 

What electrocbetnlJitry U accompllahlng. By J<Mi&pli W. BlduLnls. 10 p. iPubl 

2100.) 

AocTent and modern viewa rvgarding tbe cbemlcol elcmeats- By wniiom 
Ikimsay. IB p. (Pubt 2101.) 

The fnndniiiental FW^rtlea uf the eleuientn. By Theodore Wlllbni HIchardiL 
IT p. (Pnht 2ie2,) 

The ptodTjetliin atiil Idanimcatlon of artlflclal precloas atonea. By Noel Heatou- 
39 3 plB. <PubL S103.) 

The uteHlIsfeiitKoii of drinking wacef by ultm-vlolct radlnllami^ By Juba Oonr- 
luuQL 11 p. (PubL 2104.} 

Thi? legal time la vadous conntricfl- By M. PMlip[Joh 8 p. Alap. {Fabl. 
2100,) 


108 ASSKUAl, REPORT SMITE SO JOAV ISSTTTUTIOX, 1013, 

fiDttkE- rcoeut Lii£f>reBtlng lit cuftmuEtuiy. By 3, K I'lankiKL 16 

n. t Piibl 2100.) 

Thu dKe of the tmrth. By J. Joly* 23 p. (PubL 2107.) 

iDtemntlonal nlr map iLod aeroEL^uttchL umrkA By C2x LaUcumuiL 8 pu {PahL 
210&> 

CSwIogk voTk of nntB In tr(q;>1cal America. By J. C. BmErncr^ 31 1 xH, 

(t*iibl. 2100.) 

On the value of the foRsI] doTn^ of the arctic reidena ns evidence of geoloElcAL 
Cllniatef). By A, G. Xnlhorst. tO ji. (PiibL 2110.) 

RcTiuHi: ndnim-cs In utir koewlcdge of the proilnctlon of Heht by living or^n- 
irtjx^-L By h\ Alex. 18 (k, ( BohJ, 2111.) 

OjifiLiiic evolqtloiif DanvloLoJi ikiul de Vrle^nn^ By K. C. MiiciiEtiuani, 16 
|JL (PnhL 2112.) 

Alagiialla mittine; or the f^reater prohlonm of bloloffy^ By D'Arcy Wentworth 
ThompsocL Ihii. (PnLiI. 2113.) 

A history of certain gmit homed dwIsl By ObarJee £L Keym 11 p, 8 plo, 
(Buhl. 21H.) 

The pass^iiiftir By Behr Knlni (libjl) nnd John James Auduboa (1831), 

18 p.. 1 pL (PuW, 

Note on the Iridescent eotors of btnlft ond By A. Mullock, S p„ 3 pi®, 

fPnhl. 2110.) 

On the positions nssumod by birds In flight. By Bentley Beetbom. 7 p., 8 plo. 
(Buhl. 2UI.) 

Hie garden of serfwntn. Bulabtnn^ Bmxil. By S, Po^iL 6 pu (BnbJ. 2118.) 

Borne useful natlive plnnla from New 3fexieo. By PhuI c+ Klsmllej^ 10 p 
iSplBL (Ptthl 2im) 

The tree ferns of North Amert^u By Will In m JL Mnxon. 2fl p,, ifs pia. (FubI 

2120 .) 

The vnloe of ancient Meilcjui ttumuac-fliitTf In lb* fttudy of ibp K^^erml derelop- 
□lent of writing: By Alfred M, Towr. 14 p., 5 pls_ (IhihL 2121,) 

Thi^ dlPcovererB of the nrt of limn mnniitiictiire. By W. Beleic, n (Pub) 
2122) 

The KiibylCA of north Africa- By A, Ijsi^^ner. 16 |i.. l± pla (Piibl. 2J23.) 

Chlneise nrchlteciure and Its rvlotlon re CbJnese etiltnrm. By Enint Bchcrach- 
niami. £tJ p^ 16 pli (Buhl. 2124.) 

The Lolofl of Kl«titaliiihj;p weatem China By A, F. T^ipcjinjro 18 n 4 ti|* 
(PnhJ. 212a) 

The phyaiolo^ Of Sleep. By E, Legendre. 16 p. (Bubl. ai20.) 

Pradinblc ADd fraStJesa lines nf tmdeaTor Vn pnblSc health work. By Edwin 0 
Jerdah^ 8 p^ (Pnhl. 2l2T.) 

Factory simltatlon and efflcloncy. By C.-11 A. WlniUow, fl p, (PnhL 2128.) 

The pbjTtiolfi^cal Influence of ozone. By L&iiuiTd niU and Martin Plaek 
12 p. (Pnht 2120.) 

Traveling at high ipeeda on the stirface of the earth and nhove it By H. S 
Hrfe-Shaw. 2X ^ tPnbU 213D.> 

Itoben Kflch. ISHS^IOIO. By C, J. 3d S p.. 1 pU ^Pnbl 2131.) 

ail- Josejkh Dalton Hookerp 1811-1911. By Lteul. CoL D. Pnaln, 13 n i 
<Piibl. 2102.) ^ 

Report for BiS. 

The report of the execiitu'e comniittee and proceediDgs of Uie 
Board of Regenu of the Institution, as well as the repon of the 
Secretary for the fiscal year ending June 30, 1912, both forming pm t 
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of tlie aiiJiu:i1 report of the Board of Kegcnts to Congress, wero pub¬ 
lished in pamphlet form in December^ 1012, as follows: 

B«poFt tit tlio ^kuLIvg ojmmlttw and If'rocealliifrai flf ttio Board t>C ECeg^ibi 
A>r ihs yuar ^ndEng Jttue 30^ W12. 22 jt{\ 2155J 

It^port of thp Bevrptfiry uf Uic! s^ioltb^TilaQ ItietltaUo^ for tiii? endlns 
Jtme 111, m lu 2 pL (PnliS, 2153.) 

The general appenflbE to the Smithsonian Report for 1012 Tva* in 
but actual presswork was not completed at tho close of tlie fiscal 
year. In the general appendix ajfe the following papers: 

Tbc year's pniKretts In iuttroiit*ttS}% liy P. ruiBcux. 

The spEral bj P« Ftiiseim, 

Tbe miiiatloa of the sun, by d G. AbboL 
MolectiEnr theories oud matheinadcs, by Siafle Boret 
Modern inathcmatlca.1 TeseflTch, by G. A. Miller. 

The TOi&eetlon betweei] tbe eLher aod nmtter. tiy llfcarl Folnear^. 

Eiporlmetitil with twnp bubbtea, by C, V, Hi> 3 nL 

Measuttanei>Tic of InCtilteantnal (piantltles of mibHianceJit by WIlHam Baniany* 
Tile latest HCblerenieiita end ttroblema of the ebemlcaL tadustry^ by Carl 
Dulsberff- 

Holea to the alr^ by J. HumphreyiL 
Review of applied meelisalesp by U Ijocornu, 

Reliort on tie recent m'ent cmptlon of ihe Totentto " KtfDitilwllH.” by Frank A, 
PcrnjL 

Tbe^laclnl am] fwtE;3aelBJ IiLles of the rt!^St>iip by Fruiik M. TayTof- 

ApphLii iseoSofiy. by Alfred If. Bmokp. 

The relations of t^leobotany to geoIoKy. by F* H. Kaowlten. 

Oeoyhysicn! rKicaricti, by Arthur Lr Dny. 

A trip lo MiidJi^sctir, the country of berylis by A. iJicroLr. 

The ductuuting; ellmatc of Xorth America^ by li^luworth Uunttn^rtfsc. 

The snrriTal of orpins and the " cnlttire ** of living lEssiil% by It. Tjefrendre. 
Aflaritatlon and EnberJtancu In Lbc light of modem exj^mentnl luvei^lpitloiL, 
by psLiil Kmnnieror. 

The pfl loogeogtaphJmt relations of nntolrtlcflt hy Cbsries lied ley. 

The nnts and Ibolr guests, by F. Wapouitim 
The pcnguliiM of the tmla retie rel^lons, hy U tJuln. 

The derivation of the Eurofaiiftti domestic flnlnuils> by CL KelE^'T. 

Life: Us oattim, orlelUt and ninlntenanroT by E. A. SchlLfer. 

The ortgtn of life: a cbembst’B funtEiey, by IJ. tl Atmatrong, 

The a|i|H 5 aTanee of Hfo tm worlds and the hylJdthosU of Arrh^ulusk by Aljihonse 
Hergnt. 

The CTOlutlOh ot manp by G. EUlot Smltb. 

The hlotoiy nnd i-arlotles of bumah wpeecli. by Edward Saplr. 

Ancient Greece ami its slnrc population,, by S. Sfiaberowskiw 
Origin and nTolutloa of the bicmd RiiropenM^ by AVdolishe DloeiL 
llLatery of the flnBer-prlnt systeiar by Bertbold Laufer. 

Urbanisms A b3atork% geograpWct and econoaile itudy, by Plem ClargeL 
The Siimt iiroblem, by E. Oberhutumer. 

The mnalc of primitive peoples and the baglrmlnga of Etiruxieaa music, by 
Willy pastor. 

Enpedirioti to the Bonth Pole, by Roald Aranmlaeu, 

Icebcrga and their Jocnlioa In navigation, by Hon'afd T- Ramws. 

H^ri I'tilncarf, Mvt Ncietitldc workt bis plilloisoxiby* by Charles Xtirdmann. 
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SPECIAL PUBLICATIONS. 

The following special pubikjitions were iismicd in oc^tav^o form: 


PulUc^tiOH ti^tK 

lli^t of SniUliBcaliij] jmlillciitlontt aru liable for cllstrlbutloa Joututr^ ], 
1&13. Fnlilli^bed Fcbnmrr 25, 1&33. vi, 31 p. (PabL 
PubllcatIniM of Uie SmUhaoTiIaii InHtltotto inmad betwwti Janaiii? 1 imd 

Jyly L 3912. Julj Jb, 1912. 2 p. tPubl, 21^5.) 

Publications of tbo StiiltliKialaa Institution l^ml betwq^tt Jauuoix 1 mi\ 

Oclolwr L 1912. October 28. 1D32. S p. {Publ, 21Ej4.J 
Publications of Lbe StPltb^oalan InBtkutloEi Ift^ued belwceli Janiuiry 1 aiiil 

IleCciJibtT 33, iai2. Peljnlrtry 1. 1913, U p, (Publ. 21^2,) 

1^9110:1110118 of tho i^iullbsoblnD luetltuLloQ bcHTPod betweiui Juuu^ry i fttid 

MATth 33, 1913. April ID, 1915, 1 p. ( PubL 2Lm> 

nonhrarfeirifrr. 


Opinions rcodereJ by tlio luturuatluiial Couiudiis^^m oo Zoolo^cal NoiueDcia- 
ture, Optnloiia 52^ May lO, IDia 12 p. (Publ- 21ft00 


Tilt following special publication was in press at the, close of tho 
fiscal year? 


Earritimn Alftttka jtcrICff. 


VoL 14. lIoTioimjpb of Shallow^n-ator SDirrtfiiwa of tlio Nonb Puoilkr Coaat from 
Ibe Arctic Ocemn to CnUfoinJa. By Ailill^n Emei^ VorriU. xiL 338 tu HO 
pL tPiihl. 21400 * 


PnjUeATtONS OF tub tniteo states national siuseum. 

The publications of tlie National Museum arc; <a) Tlie annual 
report to Congress,' (*) the prewtedingii of the United Stales Xa- 
tional Museum, and (c) the bulletin of the United States Xational 
Museum, winch includes tlie contributions from tins United States 
Natmnal Herbarium. The editorship of these publications is vested 
m Dr. Mairtta Beiijuinm. 

Th„ piMiclrans isuod l.j- the SeliooJ Mustura durine tlie re.r 
eomtir^l !PC p,pc„ ,|„ Proccediegt, 2 bulleliiB, e„d 9 pMte ef 
Contributions from the Xational Herlsnriume 
The isOTca of Proceedings were ns follows: VoL 42, papei^ 1907 to 
1^2, inclusive; \ ol. U, papm mz to mo, indimvei Vol. 44 mndra 

*15, papers 10T7, 1978, 1070, 

1082, 1983, lOSl, 1DS6^ iSSr^ 1983* 19S9, 1990, 1991 1§92 1994^ 

■01^ .2%. ,29T, tm, 1M2, 2000;200i;2002 oooa i tS 

Of Oti papers. ' 

The bulletins were as follows: 

Bulletia TO. m of Nortli Americiin Laiul atnmiDjiIs m the TJalti-d v« 

tiomil Wosenm, 10H. By G,^it 

Bnlletli, 81. Synopsis of m lUtimorJi,. By Bbctt K. Marrinp. 

In tlie senes of Contributions from the National Herbarium toe 
tavo) there appearcil: nrium (oc- 
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Volume 

PArt a. Th& Xarth AiticiHmti isperlefl of NyinplMOn. tty tforrlt jtr, nnil 

PftUi C, StflDfltOJ. 

Part 4. DoflcrtptluiiA of tiww plants prcIlniLiiarj' lo it tuijort upon th\* flom of yew 
MexJea. liy E, 0, Wooton nnd Piinl C- StamUGy. 

Pjirt ^bf^ituneoua Puppm By C, Y. P[pcr» Jp X,"Uost% PjidI V, Fiituint^y, 
W, E, i^^ifford, nud E. S. RteeJe. 

Pnrt IV Three new jp?nera of etllt palmB {IrLart^ee^) from Ofliimhta^ with n 
fQ^tiopticsLl reilew of the fnmny. By O. F. Cooh isml C. B. Doylo. 

Pnrt T. Rtndics In Cactcurao. Pnrt % By Britton and J. X Hofie. 

Pnrt 8, RclatlonBlilpR of the ftili»e date pfllm of the Florldit Kuysi, with n ^rnop- 
tlcal kcj to the famlllefl of Aiuerlrznu imliiiii. By O, F. Cook. 

Part 0. The Eiplphyllmn mid Its nllles. By N, Li, Britton jind X X ilosi* 

/7» 

Part 1. The Ueheii flom of tunthem CaJIfomln. Ily Hermann EdwanJ tlnme. 
Port 2. RtudLefl of tnopleal American femsi No. 4. By WLiPani It ATaxou. 

There wa^ flli:?o reprinted an edition of 500 copies of Balletin 71, 
Pan 2, A monograph of the Foraminiferfi of the ^lorth Pacific Occjiil 
[L Textulariida^ by Joseph A* Ciis^liman; and an edition of 100 
reprints of Bulletin 1% iJat of North American Land in 

the United States National ]Sru5^am, lOll^ by Gcrrit S. Jlillcr^ jr. 

.rVmong the National Museum publicstion.^ in press at tlie close of 
the year treret Bulletin 80, A descriptive account of the binlding re¬ 
cently ci^teil for the riepnrtitient^ of natural history of the Ignited 
States^ Notional Museum, by Richanl Hathbun. 131 34 pL, and 

the annual report for W12. 

PUBLICATIONS OF THE BLTtExVU OF AMERICAN ETHNOlvOt^T. 

The publications of the bureau are discussed elsewhere in the Sec¬ 
retary's report The editoriai work is in the charge of Mr. J. G. 
Gurley, 

One annual report and two new bulletin.e^ togetJicr with a partially 
reviset] edition of a third bulletin, were bi^ed during the year, aa 
follows: 

UHnaa! Report, coatalala^ (“Accoitiptinylti^ Pa pom” jia falirhww: 
(IJ Caaa OmailoH Tiy Jesse WrtlEor FewkeN; (2) AnUqumoa of the Pppor 
Verde Rlw ami >Vatnut Ctwk Valleja. Adi^etui, hy Jot^i Walter Fowkea; 
(3J Pfi?Umlnary Report cm tlw LItiKtilatic Clajatticatloa of Algoaqubn Trlbts^ 
by Tratnan Mloholaoii.) 

RirBeflji ffuMdbooJt o/ Aaiointcftw /mffant Yorth of edited by Fred¬ 

erick Wobb Hod^. [By cimcnrrent re^olDtlDD of CcmjTeBK Jn August, 10X2. 
a reprint of tlila bullotin was onion'd In on eclllloa ol e^^OCt copies, of which 
4S^ were for tbo mie of the Bouse of Rcpn^scmtatlTes. £,l)Q0 for the tise of 
the iicTmte, pud JJOO for the aso of the barcrtii. This ns|irlnt, in which wuro 
lucoiii4>mt€fl ^tich itcsirable alterations as coaM be convealeritly made with- 
oat affeetlng the paglnaUoa of the work, was Issued In Januaty, 1013L| 
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AwrnfM. By Aica Hmliiekii Jn ertlLil>oroU<ro 
with WllllniD a, HoUuw, Bailer Wlllla. Pr«ii. Eu^c Wrlftht. aiul Oiiir«i« 

!N. F'^tiTkDr* 

BwHrtiti 54. Tftp PAyjrtfjtrmpAp 0 / ike Bh Oraiirffl Poriey, yew Ifcriw. in fte. 

ealtunr. By EilE»r Lee Hewett, Janloa Hcuicraon, and WU* 
rri(Mi Wllluiin KobbLn^ 

Thp Twentr-tiinth Annttal Report Accompanying Paper,’’ Tlic 
EHinogeography of tlie Tewa Indians, by John Peabody Harrinirtonl 
was ijj press &1 the close of the year. ^ ^ 

PCBLrCATIONB OP THH BMITHSOXIAX ASTROPHyBlCAL OBSBaVA- 

TOBY- 

\ ohimc III of the Aimak of tlio Smithsonian Astrophvsical Ob- 
servatop- iras printed and nearly ready for distribution at the eloae 
of tho nsciil 

PUBLICATIONS OF TilE AMEBtCAN HiaTOBrCAT, ASSOCIATION. 
The annual reports of the American Historical Association * 1 , 

"’h'''' 

InsUtliUoii md are oommumaited to Coogms uiMfer the .irovisfon. 
of the act of mcorporatiou of the assoemtion ^ ^ 

The annual report for 1010 was publkbed October S2, 1913 with 
nc)riti*ats as fallows j ^ vriux 

n^rt ef the prw™iiiies of iho twcnty-alith annual mwilna of ,h^ x ^ 
Ill"torli?iil By tVmldii G. Inland, axrretary * ^ Americfln 

Report of the profflaiiagfl ot ihf. Bovonilj annual mcetHE of 
liwiwli. By Jdccib X. Bowniflii, (tccmiiry of Lhc branch ^ 

Tbt! t'ffofls €>f Uhe DamEHh Ut fiwiire Oio F^t^liah «. 

of Itlirtiuimiit- Itj- Ediami«> M, LarBoti- ^ “own after the tJoaiu 

The my>til5 of Um privy neat. By Jjime* i\ Baldwin* 

puneyanwf In foarteenth-century Eiiiiinud In ihp iicht .nr sr 
-Speeutiiiu RoBis. Rj, OutlfiuK KoblniMa. ^ ^ 

An^lo-lxitcli reEiitiiina, 1054-16^. By Ihitpli n It n.H u 
Sonic crtUcnl nntca on the worlw of s r cnnif n ' 

The llexiean of aouthem icad;« 

Morion Canohati * ^‘iiuinlBtpjitlosL By 

d^l^jco of the OLIO ValJer. By CLrl Ruasd! Flatu 

““ “•"™'lio^S"' g, i,e, 

™g'"*■' ““'"V. « L, 

Kloretitii fttiniml n>jK>rt of Hid rmblic of Fke, 

AtncA chairman. v>ttmlm\on. fly German v. 

Api^C-rHlLi A- Bwourl 

AptwndJif B. Report on ihc Aryhirw of ttS 
Undloy. State of Indiana* By Harlow 
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AjipendLx C* Eepoit on tto aidilT>es of the State oC K^tueky, By liwu& T. 
Mycffli 

Appendix D« Be|«crrt pel tbe aieMra of the State of Xebmika. By Adiilsoa E. 
Slueldoii. 

Appendix Xotes cel the archives of tbo Fhlllpptnes. By James A. ltcd>ensmi. 
Writings on Anierfam History p IfilO. By Gratv Q. Orlfflm 

Tin? report for lOll, in two volume^ was $ent to the printer on 
JttJiiiaty 1JH3, anil at the clo^ of tjie year wa& nearly ready for 
distribution* The c^mteiita are as followa: 

ro/iiaic L 

Beport of the procce^UneB of the twexuty-soerenth atinijnl tneellnr of the AnperiOTti 
AwcK-latiPfu By Waldo ih E^atiA secretary^ 

Kejtort ef the proceeding of the elRbth ananat lawting of the cnuat 

brancln By H* w* BdwardtF, aecretary of the branch. 

The aschhes of the Vcneilan Bepnhbc. By Tboodorc F* Jducsl 
M aterials for tbe* blfftory of Qennnily la the sixteenth Qnd se^'eateealli een- 
tntim By SIclacy B. Fay. 

The matednla for the atady af the T-luglEah eablncl tu tho elghteeuiLh eeutary. 
By Edward Rnyinond Turner^ 

Franc^jis do «luEi» and the tnklug^ of CalaiiL By Panl van Dyke, 

Faction B la the EnfEllsh prf%T ca™:H itniler BitMbetk By Couyum Read. 
AnRlo-DuLeh relatlouik lilTt-lC72, By Kdivla \\\ F*iihlew. 

Amerk'na-JapaaGse InterecKUrse prior to the artrent of rorry. By Inaso xltobe* 
Colonial society In Amerlen. By Bemarfl ^loBea, 

Freaeh dlpLotmiLy EtaiL AmEirlcnii imlltfes^ llt^l-lTtkC, By Juiues Alton Jnmea. 
The inetirgeutB of IBlh By D, It Andcrtjom 

The tariff and the ptihtle liitidii fmai to By l^yner Q. Weillngtoa. 

The “Banjoln of aa tb* ortgln of the Wllniot proviso. By Clark E, 

Penfingor. 

Monroe and the early Mexican reTOlntlntiaty nRenta« By I^ac JokIIo t'os. 
Public opinloD in Texas preceding ibe UevolntliHi. By Fiigene C Barker. 
Belndons of America with l^paul&li AmerlCB+ nKI-l'J-iA By M. W. V. Tem^ 
parley- 

The genesis of the Ccnfoderatlon of Cnhiidn.^ By Cephas D. Allln. 

Proc^lnga of the eighth onniml eonfenmee of hlstorlal sriclellesi 
List of European historical socJctleiL 

Twelfth report of the public archives coouutRslam By Henn^ia V. Ames, choir- 
merLh 

Appendix A. FrocMdingH of the third annual eonl^renee of archivista 
Appendix B, tfeport on the archive# of the State of Oolomdo. By Janu^ F* 
WTIIard. 

Appendix C- LI Ft of eomtoiHsloos and instructlmia to Eovemoffl and llFUteoh 
ant gyvemors of Ametiiran fiod West Indian CoIopIoa 
W ritings on Ameriaia hlstoryt l&Ti- ^y Gr#ce G« Griffin, 

Folume f/. 

Ninth report of the hlstorlcfil nunuscrlptB coniailBslea: t.’OrraqkoodKieo of 
Alexander Stophenn, HoweB CkihbK and Bohert Toombi 

448e3*--6M 1513-8 
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PUBUGATlOJiS OF THE SOClBTT OF THK UALGHTERS OF THE 
AMERICAN REVOLirriON. 

The manuscript of the Kiftecdth Annual Report of the National 
Society of the Daughters of the American Revolution for the year 
ending October 11, W12, was communicated to Congress March 10, 
1013. 

THE SUlTHSONIJi?; AUnaOBX COMMITTEE OS PBISTISO ASD 

FUBEICATIOS. 

The editor lias continued to seci'o as Becretary of the Smithsonian 
advisory committee on printing and publication. To this committee 
have referred the manuecripta proposed for publication by the 
various branches of the Institution., as well as those offered for print¬ 
ing in the Smithsonian publications. The committee also considered, 
forms of routine, blanks, and various matters pertaining to printing 
and publication, including the qualities of iwp^ suitable for test 
and plates. Twenty-two meetings were held and 13S manuscripts 
were acted upon. 

Respectfully submitted. 

A. Howard Clark, Editor. 

Dr. CnARLES D. Waloott, 

Socretary of th* Stmth$oiuon IMtitution. 


Appendix 9- 
hobgkins iinfD, 

ADVISOBT C'OIDIITTEE OX THE LAKGLEY AERO- 
DYXAitlCAL L^VBORATOR.Y.» 

OFFICIAI. STATUS 

Atith<>risathn^--Oii Maj 1, the EegEnta of the SmitliBAJiHun 
Inatitutlon, ftppnjving a general sclieme ffwbmitt^d by Secretary 
alcutt, Qiilhonzed the M-rctaty, with the approval of the executive 
cotornittee, to reopen the I^ngley Aerodynamical Laboratory; to 
appoint wo adviBory cominittee; to add, as inean$ are ptovidech other 
lalHifatories and agenciei^; to group them itito a bureau organiKatiou: 
and to secure the cooperation with them of the Government an A other 
agencie:^. 

—Tlic coin til ittee is to adviae as to the organ izatiou and 
work of the Langley Aerodynamical Lalxiratory and of the hureaii 
organiscation when adoptedn, and the coordination of their actiA-itioa 
with the kindretl labors of other establishment^r governmental atid 
private; it h to plan for such theoretical and exjierimeiital investiga- 
tioni^, tests, and reptirts as may fierve to increase the safety and 
effectiveness of aerial locomotion for the purposes ot commerce, 
national defcniTei and the welfare of ntmi. But neither the coui' 
mittee nor the SmithBonlan Institution will promote patented devices^ 
furnish capital to inventors, or maiinfacturc commereially, or give 
regular courses of instniction for aeronautical pilots or engineers. 
The organisation, tmder repulatioEs to be established and fees to 
l)c fixed by the secretary, approved by the Smithsonian executive 
committee, may exercise its functions for the military and civil de- 
jiartmenis of the Government of the United States, and also for any 
mdividual. firm, association, or corporation within the United States; 
provided, however, that such department, individuah finut usscpcia- 
tion, or corporation shall defray the cost of ail material used and of 
all services of persons employed in the exercise of such functions. 

With the approval of the Secretary of the Institution, the com¬ 
mittee is to collect aeronautical information^ such part of the same as 
may be valuable to the Government, or the public, to be issued in 
bulletins and other publications. 
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Membership and PrivUcgee. —The advboiy committee is to be 
coinpoeed of the director of the Lebgley Aerodynatnical Laboratory, 
when appointed, and one Diember to be designated by the Seeretniy 
of War, one by the Secretary of the Naiy, one by the Secretary of 
Agricultiin?. end one by the Secret-ary of Commerce, togetber with 
such other persons, to be defngnated by the Secretary of the Smitb- 
Eoniaii InstiLution, as may be acquainted with the neeib of aeronati- 
lics, the total membership of such committee not to exceed 14, 

The members of the advisory committee, as such, are to serve 
wilboitt Compensation, but will have refunded the ncceBsary expenses 
incurred by them in going to Washington to attend the meetings of 
the committee and returning therefrom, and while attending the 
meeting!-. 

Approval of the f’waifenj’,—On Hay 0,1913, the President of the 
ITiiited States, by request of the Secrotaiy of the Smithsonian Insti¬ 
tution, approved the designation of representatives of the above- 
named dcpartinetiU to aen'e on the advisory committee, 

OHCJAMKATION. 

_ OflieeTSj—T\\% advisory committee, as constituted at ita organiza¬ 
tion meeting, convened by Secretary l^^alcott at the Smithsonian 
Institution, May 23, 1913, comprises a chairman, a recorder, and 
12 additional members, all of whom are to eene for one year. The 
officers are to be elected annually on or about May 6, and tlie mem¬ 
bers for the ensuing year are to be appointed prior to the date of 
such election. 

Tlio chairman has general supervision of the work of the advisory 
comm it tw, presides at its mcctingif, receives the reports of the sub- 
eoniniittees, and makes an annual report to the Secretary of the 
.Smitlisonian Institution. Said report must include an at^unt of 
the work done for any department of the Government, individual, 
firm, association, or corporation, and the amotmts paid by them to 
defray the cost of material and services, as hereinbefore mentioned. 

The ^rder keeps the minutes of the meetings of the committee 
and a^U the chairman in conducting correspondence and preparing 
reports pertaining to the businffis of the committee. 

Subcommittees. —The chairman, with the approval of the advisory 
committee, may appoint standing and special subcommittees to per^- 
form such functions as may he assigned to them. 

The standing subcommitteea may have assigned to them iure^im. 
hons and tests of a permanent character, which they may prosecute 
from year to year and on which they are to make quarterly reports 
to the chairman, foUowed by an annual reporU Each subcommittee 
comprises a chairman, who must be a member of the advisory com¬ 
mittee, and others, chosen by him from that committee or elsewhere- 
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AU^yiCn:^ KK^otiECEs, and facilities. 

Smithsonian ImtUu^ion, —Tli*? udvisoiy eonuaittcG hns been pro¬ 
vided bj the Smith^niun IrL-^titution with suitable olKce headquarterst 
an administrative and accounting systemt library and publicalion 
facilities, lecture and aaaembly rooms, aiul museum space for aero¬ 
nautic models. The Langley Aerodyiiamicul Laboratory has an 
income prorided for it not to exceed $10,000 the first year ^of wliich 
$aj000 has been allotted), and $5,000 annually for five years. 

Unified Bureau of Standards* —For the exact deterauna- 

tion of aerophysical conataiils, the calibnUion of instruments, the 
testiiig of Eieronautic engines^ projiellers, and tnaterhils of construc¬ 
tion, tbe eommittee has tlie cooperation of the LTnited States Bureau 
of Standards, from which tlio Secretary of Commerce has degignated 
one repi'esentative- 

Tills bureau has a complete equipment for .studying the niecliaiiit^ 
of materials and structuml forms used in air-craft; for standard¬ 
ising the physical imtriimcfits—-thermumetera, barograplis, pressure 
gauges, etc.—UBcd in air navigation; and for testhig the power, 
efficiency, ele., of aeronautical motors in a current of air representing 
the natural eonditlons of flight. 

In these general branches the technical staff of the bureau is pre¬ 
pared to undertake such Iheoretical and experinientot irn'cstigations 
as may come before the advisory committee on behalf of either the 
Government or private individuals or organizations. 

United Slutee Weather Bureau. —For studies i>f and repom on 
every phase of aero-nautia meteorology ^ besides ihe usual furecaatiug, 
tlie committee ha^i the cooperation of the United States Weoiher 
Bureau, from which the Secretary of Agriculture has designated one 
repri^ntfltive. 

This bureau has an extensive library of works on or allied to 
aeronauties, fm instruiuent division for eveiy type of apparatus for 
irtudying the state of the atmosphere, a whirling table of 3(bfoot 
radius for standardizing atietnotneters, a complete kite equipment 
with power reel, and a sounding balloon equipment with electrolytic 
hydrogen plant, all of which are Eivailable for i^cientific investigatinns. 
For apeciul forecasts^ anticipating field tests or crosa-couatry voyages^ 
the general service of the bureau may be caltal upHtm. 

War and Depurfairnts.^TliQm departments, while es[ 5 ecially 
inter^ted in aerojiautlcs fur national defense, can be of sendee in 
advancing the genera] aciencc. Each has an aeronautical library; 
tfach has an official representative m foreign countries who reports 
periodically on every importani pliase of the art, wdiellier civil or 
military; each lias an aissignment of who design, test, and 

operate air craft, and who determine largely the scope and character 


US A^■^'^AL REPORT SNOTHSOinAK IXf^Tn’FTTON, 

of tlieir c!evdopmf;nt; cadi Las {ut neromiutic atalion ciquippcd with 
machines in actual service Ihrouj^bout the year. Besides rnrious 
Hviation establishments, the War DepnTtnicnt has a bullaoii plant ut 
Fort Ifycr. Va., and at Omaha. Sebr.; the X^avy has its marine model 
basin, useful for special experiments in aeronautit^, its extensivT 
shops fit the ^Vashington N’avv Yard, nr nil able for the a Iteration or 
repair of air cruft or tlic nmnufaetnre of impro\'ed military typra, 
and at Fort Slyer litres lofty open-work steal towers siiitabh- for 
stndies in meteorology or ncrodynitmics in the natural wind. Further- 
mors, the Xaiw Department has detailed an officer for sjteeial re- 
scnreli in neronniitics at one of tlie principal engineering srhools. 

Because of their fundamental inten*st in nerniianticej each of tlwfte 
depnrtiiienis Itiis two representatives on the advisory committee, 
and oarb will be able to place at the service of the committee one or 
more skilled aviators and aeroplanes for systematic sxperimentntloiL 

PRESE.S"!' .s;EEPS. 

In presenting the needs of the organization, it Is well to remark 
that the Smillisonian Institution pn^sses the unique character of 
being a private organizntion having govemmcntal ftmetions and 
prerogatives. It can receive appropriatioim directly from Conjjnsss; 
it ran ho the recipient or tlie ctistodlau of private funds for the in¬ 
crease ami diffusion of knowledge; it Can deposit such private funds 
witli tJu* United States Treasuty, or place them otherwise, as may be 
required by the donor. Likewise, it con be the recipient or custodian 
of material objects representing any pronnee of nature or any 
branch of huiiia!i knowledge or art. This unique ebaraeter allows the 
public to anticipate or supplement the cooperation of Congress in 
promoting the ucrodroniical (aeronautical) work of the In-slitution, 

KriJt^tcmeia /irWs—Persotm approving the ptirjjase of the organ!- 
zation and d^iring its continuity and permanence enn not do l.ietter 
than lo provide for it a steady income, either for general or for 
specific use. Individual endowment funds bearing the name of tlie 
giver or other iiereon, and presented to tlm SmitiisoniaQ TnstiiuLioti 
or placed in its custody at the disposal of the committee, mav 1« 
recommended; also collective funds bearing the name of a society, 
or^nization, or section of ihe coiintty, whether In the intere^ of 
scientific jirogresa or of national defense, 

Trntpantrtf fti»th.—For the prompt arhiev'ement of definite results;, 
fluids may well be offerw] for immediate application, both of prin- 
cipal and uiterv.«t; as, for example, for the erection of laboratoriU or 
other bnildmga: for the purchase of experimental air craft or arma 
ratits, inidnimeiits. etc. ’ ^ * 

M»t tiwd^ U an e.vpansion of tJio I^iigloy AeriHlynamicttl Labo¬ 
ratory pmvulmg a large anil a small wind tutuiel, ampler shops, and 
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instrument nnd nio<lel Adjacant to this, or forming a part 

of it, may well be tlie headquarters of the comnuttce, with the toI* 
loctions of aeronautic publications and exhibits, and witti designing 
rooms where plans for air craft may be matured by fabricators in 
consultation with the technical staff. This new building, if placed 
on tlia Smithsonian grounds, should be of good architecture and cost 
ni»t less than $100,000, 

Of immediate importance is an aii^crafl field laboratory, adjacent 
to antplo flying space of laud and water, and adapted to assembling, 
adjusting, and repairing several fuU'Scale land and water aeroplanes, 
and subjecting lliem to indoor testa and measurements, as of stress, 
strain, factor of safety, center of gravity, moment of inertia, work¬ 
ing condition, etc. One such plant suitably located would serve all 
govemmental and civilian requirements for the present A suitable 
site is tJie public land in Potomac Park in the vicinity of the Smith¬ 
sonian Institution. Here might be held air-craft competitions under 
the auspices of the Government, 

Planes and As a stimulus to the highest aerenautic 

achievement, or ns an honorable rccogtdtion thereof, suitable prizes 
or awards might advantageously he offered. Provision should be 
made for liberal cash prizes for competitive tests of motors, pro¬ 
pellers. etc., in a purely scientific way not trenching upon the pro7- 
ince of aero clubs. 

FeUotefthips . — ^For the prosecution of special aeronautic investiga- 
tioas in cooperation with tlie advisory committee, educational insti¬ 
tutions and scientific or engineering organizations shottid he pro¬ 
vided with reaearch fellowships whose incumbents may have the 
counsel of the committee and the advantage of its equipments. 

Until adequate appropriations Iiave been made by the Government 
the activities of fite organization and committee will have to be 
sustained largely 1^ private resources. 
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REPORT OE THE EXECUTIYE COMMITTEE OF THE BOARD OF 
REGENTS OF THE SMITHSONIAN INSTITUTION FOR THE YEAR 
ENDING JUNE 30, 1913. 


To ifAtf B^ard of of ihe SMilhaonian Iiostitoiim,: 

Yfliir executive committw respectfully HubmitB the following re¬ 
port in relation to the funds, receipts, and disbiiri^einents of the 
lostitution, and a statement of the appropriations by Congress for 
the Katlonnl Aluaeum, the International Exchanges, the Bureau of 
American Ethnology, tlie National Zoological Park, the Astrophjsi- 
cal Ohservotory, and the International Catalogue of Scientific 
Literature for die year ending .June 30, 1013, together with balances 
of preWous appropriation?: 

BUmifiONlAK IN’ffriTCTTOS. 

CondiHon of the fimd Jidy J, 1913 . 

The permanent fund of the Institution and tlie sources from which 
it has been derived arc as follows; 


DEnflrmj la the treahi'Kv OF tnti vxited btaixs. 


Beqtieat ot Slnitbinn, tSlfi„„,.- ---- frilMOA OO 

Ream an <7 leearr ot StniUtwt). tSOT -—-■ ■■ 2C-2U^ 03 

Dejicwlt from faviiigs of Income, 1 -SCT„- ----— 31 

Bniuest of Janwe Bamlltoii, 1^5 __ $i,000.u« 

jjxiuuulJiTtN] lateroEt on HamlltDn faad, -- r.tXiO. <0 


BequMt of SlmeoD Habol, ISSO__ _— --——--- 

DepdsitB troni nrocteila of sale of bonds, ISSi -:——- 

Gift of Tbomoa G. HodRltlns, - -- - 

Part of realduarr legacy of Ttaomaa 0. HodBVias. 11*1* --- 

Deposit from Envltvett of Income. 190(1 --—--— 

{tosldnary legacy of ‘Ttiomas G. Ho^atua. 1007 --—.— -— 

Deposit from savings of Ineonie. I9l3 -- -- - --- 

Beqneet of Wlilinin Jones Rhec*, — --—--- 

DvfHMlt of pTocoedB from sale of reeJ cetam (gift of Ht*eri Smti- 
ton Avery), 1013 —---- - --“ —--- 


000,00 
S00,00 
01, fiOOv 00 
moov.oo 
s.ooaoo 

S0,000.00 
7. OlS. 09 
030.94 
SJSl.t® 

0,0e£.42 


Total amount af fund la tlie United fttolm Treasnty—— — 500,00 

I SI 





















12S jLSSrtJAl. RRFOBT Sa^rmSDNlAl? IXSTITUTIOX, lai3. 


OrLTEl BESairUCES. 

E4iele±eml and ^arantj^ bends of tiie Wm SIujfc Emiread Cou 


part of lecncy o| Tbom^s G. Uod^Mcs (por valtia) _____ I42,0CM>. CKI 

Totnl jMwmiinsjKi; fimd__„„ ___ __ __ por^ 500 ^ o?> 


Msk3 tlitee ™oll plew uf real liflUile liaqo^Ui^ by Robert gtniaton Aveiy, 
of Wnafalii^oii, D. C* Olio of ttK oriifkiml four and [art of ttuotlicr liavln^ 
sold during" tbe your and the proceeds lieiKi^ted Ln tbe Uoliod States 
Treasury us an edilltloD to tlu' tKrmnuent timd- 

That part of the funJ iji^posited in the Treasury the United 
States^ bears interest at G per eeut per annum; under the pruitsiona 
of the act of Congress of August 10, 1340, orgaubsing the Institution, 
find tlie act approved llareh 12, 1894. The rale of intei^t on the 
West Shore liailroad houdjt jh 4 j3er cent iier annum. The reuJ estate 
TMeived from Robert Stanton Avery is exempt from taxation and 
yields only a lumunal revenue fi-om rentaiSp 

^rulftncn/ 0/ rcccijitw afiiT mv^ummenU frmt /wly i, ms, fo June 50, iOiO. 


uitCRiin?. 

DisiLou ileiJqsU duty 1, 10l2_,„^ _ _ ______^iJOOpOO 

IntereKt tm fiiiiU tieiwUod la VnUed^ Sfntea Treasury- 
diK? Jnly imZ niid Jnu- I, $r4i,00,1.12 

Interest; on Sliwre Rallrcmid b«Jiu1ei duu July I, ibl^ 

niMl Jau, 1, _______ 1, two, 00 

Itepuyuii^ulH. pubUciiLtunM,^ileof rKnl etfiluterete- 11,020.12 

CoDtiibntlotis ffiilu iTirloni auurre^ for p\iTiKiie«. itl, £Fi C. Tib 

—^^ ll2.STat4 


uiautrasEifiiim, 

Bnlldlnfrs, care ttail t^pnlnx ____ 

Furnkure and tlstnrvs _____ _ 

Gcmenit exTjuiiM«fl£ 

Salnrlim _____ __ 

___________ 

Ktii t lon^ery ________ 

pcwiaiPN tek*feira|ib, nud telepbune- _ _ 

Fivlub I_^ ___ 

liOi-tdunLalEi _____ 


Onraise___ 

Fum and llglitg^^^___ 


Library __ ________ 

Fubllmtlcius fttfcd ih^ir dlstrlbuttua: 

SUIbcdUu ih\mis col loci loua _ __ _ .. 

IleiHkrts _ __ _ _ _ ' __ 

Bl^iclal paUlcatJrms ______ 

Publlcat luD aiinpllev.- _ _ 

sa bi rt«„= _ __ ___ 

Ii^ptnratiotia. rcMurihi*?^ and «ncctluiip.^__^_ 

nodf^kltiH 0|peetfic fund, rewtirvbes nnd piibllnitinna. 
IblcmatlH.»Lii3l Fxcluinifp?^ __, _ 


5,715. cn 
LmOi 


sen. at 
aso.oD 
3io,ia 
710.23^ 

aor^tvtj 

s, 448. 74 
0L2fi 

-— S5^>au.iti 

- 2*83)2.00 

4p0;iB.a2 

a2fLl8 

4tu*m 

ikimtw 

— ^—~ I3.im2s 

- 20pSSia.42 

——^ 1.064.045 
~——- 4.mu2 






















































mEPOHT OF SifiCUTTVE COMMITTEE^ 12S 

GalLoi 7 ot Art— _ _ —---?20.03 

AiSvanp«4 for Held Kst*?mieM, tdC--- --- <?. 30^ 0T 

Detwflitn] to of (wnoftuoiir fimd^ -- —-10, 551,31 

LflUfflcy AcralynODiiLii) JjiticjHilory— --—_— - . ■ ■■u -* 00 


Efiluace. June 30, lOia depoiited wiXU the inroasurer of tUo 
halted -- - - — B3,il41-40 


iis. mss 

By authority your executive committee a^in employed ifr. Wil¬ 
liam I#. Yaegerj a public accouDtant of thi:^ *-'^tyT to inidit the receipts 
and difibursemeritit c>f the Stuithsonian Itoftitutioii diiriug the j^eriiHl 
eoveml by this reiMjrl. The foUort^ing eerlificate of c:«iiiuination 
supports the foregoing statement, ami is hereby iipprt>ved: 

\VASfii:iQTas, D, C.^ Jafy Sh 

ElECtTlVE COMKITTKm BoABD OF UEan?fTft, 

in^tUuikm. 

Sms: I liEiT^ esnmtjipd the q^eounls and voach^^m of ihe StaiiJisonlnn lastltU' 


tIoQ for file fluent LtullnjC Jiiue *30^ 1013. anil the f^llom-ln^ to Lw il 

correct atutemeal; 

Total recelrti?^- --- _---- ?1>3 S70. *4 

Total dlehumecnrats,,, -- --— --—--- — 

Exlh^ of rccelifUi over dlrtuiriiepiwilrt - ._, — ^ aSl,:ll 

Amount from July 1B12___^- ___= -- 330(10.00 

Brtlanee on liimd June :M\ —--- 33 40 

BaJunce slio^n by Treasury atateinent June 30, lUlS-3^, Sil2.24 

IjCm outstnnijiaa cbcckB— - -- ——— — -- 5, +00. 34 

True Liolnnce Jaue 30, 1013- -- 33,041.40 

Thfr rouehers rerrwenbm; pstymcniB from the StultlaMjaLm Inixime ilurin^r the 
yenr^ Ofloli of K'Mcb bears ibe ojibmiVfll of 8 bo iieepet4iry> ur, (n bl« nbsoace, of 


Uie actla^ secretary, nnd a cortiftfflite that the luntf^rlats und cwirlcos elmrped 
were applied to the purposes of the Institution, ha^^e tweij e^tnmined tn eon- 
nectlon nith the lawM of the lostltutTon and n^rtv nidi ihcni, escoptluie voucher 
No. 3S14. to AmlfOW White fur which was ctmceled together with ch^^'k 
rtftcr entry uihim the Looks, for which cretUt will he elvca lu July nccottah 

(fd^ed) WiiJdAM I.. Yaecieii, 

fab^tc lUnf .ludltor* 

All moneys revived by the Smiihsonion Inatitiilion ftHitii hiterest, 
jinles. refniuling; of moneys temporarily aivanced, or otherwLie, are 
depoeiitetl witli the Treasurer of the United States to the credit nf 
the Institution, and all pa^'ments are made hy checks signed by the 
secretary'. 

The Expenditures made by the disburang agent of the Institution 
and nuditetl by the Auditor for the State and Other Departments are 
raporteil in detail to Congress and will be fomul in the printed 
document. 


























124 AXJTDAL KBPORT SMITHSOJirrAS ISSTl TU ' l ' l oy, IflI.t. 

^ our oonuaittee niso presents the following sutuniBry of appro* 
priatioiis for the fiscal year 1913 intrusted by Congress to the care of 
the Smith^aian Institution, balances of previous appropriations at 
the beginning of the fiscal year, and aiuounts unexpended on June 
30,1013: 


ApbruptlnUim cwmiiitlBd 1>; & icriM lo tba am af tha fnilltiitkii; 

InlMiiat taiat RufOnn an, lUl... . . .. 

luuirmikut Kxcliitm, jya..,. ..... 

titUlfmitouil1*14.^. ... * 

A mriM E thii(>lw7l*l L 7""',"' 

Anwricm tmi ... 

ASSrfSS.£ifSSl2St;^ii;r--**"”""-"-^ 

-AjtEoeJirUe*! oiiiwiirtiifT I i#is"! ! ™11! “! T ™!!'1 ” ”ir 

l43iM iw i» t rtiM lCatai^HCx 1$I3_ . 


rumlLtttfiuMlflvbilM^ISIl .. 

Fofttltnn ud (littiiMis ifllL.. . , ^ „ 
roniftiMtitk] flfficum, WIX....... 

Hwtlai; 4cul li|(titla|p lAIL ^ 
HWJJ5* and Ufrlitb^ 11*, ^, „. , . 
nontlacondlicl^liBt, lllll.. ....... 

TWmTknofciiIlHtb^ 
t* i wJ t ft tbn of colkocfoai. 
Flvff^tliHioroolkittkMU, Mil..,. 

Bwki ISJl....,,,* .. 

BflQja,i&ii— .. 

1kv]cPr I9U„ 


AtmUAbJe 

■ftfir 

Inly 


SSffliESh.. 

SuMliiir rr|n^ loi2_, „ 
BEiJbiJlo^»nain,l«l3,... 
N9ii£»ial Mu- 


» J*™™®!.___ 

»SiSld3S!SS:3!h“-. ■” 

Bdd^ efirt- J{«!lccWkp Natbaii P^V.Y ]! II 


•s^oa 

5,^73. la 

41000.03 
21$. 19 
SpK]U.rj 
Up OX. AO 
*.50 
0^01 
Tpl!0Dl.[X 

2»AD4 

S^OXLVO 

*pisa» 

Aa^ODO.QO 

?iCa&M 

ip^ar, 

42.71 

2 , 030.00 

moo 

4.751.« 

ID^moO 

3Dc74 

4pini.35 

10DpDl»,0O 




^15.02 
.$1 
4pCNl£.4l 
■33i,Al 

tSfLOl 

^m4$ 

filASi 

mLm 

l.fr* 

n.UT.as 

■4.15120 

124. 

Up 13S.2S 

i.m.n 

i7,m.u 

Mi.« 

'nhklv^ 

X$,4* 

m.€a 

].iu-£a 

^10124 

»p4».-ra 


j Ciirteij I& mJH of mjAta Onr.ei 

fi(«t^c,>t w t»ttmau-a fron, th, Fm{ih,^nh„ md frem nfs<^ 

Bntunc^ Jirao SO, 


lt.ter«i Ob fund JoiK^itod In rmum"states 
4ne JDty MftjS, «m| ,tnn. 1. IflM_ ^ _ 

Iiilerwjl 4>u Woit Shufie Ruilrxmd boDCtK du^ jy.ly i i<>i3 ^ ' 

littil Jan 1, toil. _ _ _ __ ^ 

EieUange repaytacata'tele o7 pobluitloiii* 

qOj^aium _ __ __ 

DepoHli, far apwlOe pnAKwen.VlJ.',,. " iJ Soollo 

- 79.aw.aa 


--- IlZ»47.7n 


Totfll ATillEible fur ytir oiiilln^ June 1P14_ 

Kespett fully subitiitteti. 

2 V. O- 

ALE.XAl\tlEft G^lTATtf BelJ^ 

John DAumj,, 

WASiiracTOX, D. a, iV^rtmifr gf, /fl/j. Uomjaifti^, 
















































PROCEEItlKGS or THE BOARD OF REGENTS OF THE SMITH¬ 
SONIAN INSTITUTION FOR THE FISCAL tE;\R ENDING 
JUNE 30, 1913. 


ANNTTAIj MEETtNa DECEMBER IS, 

Pr^iiCQt: The Hon- Edward D. Chief Juslioe of the United 

States^ chancellor, in the chair; Senator S. M. CuUom; Senator 
ITenrj' Cabot Lodge; Senator A* O. Bacon| Repra^ntative John 
Dabscll; Eeprcsstntalire Scott Ferria; Eepresetitative Irvin S, Pep^ 
per; Br. Andrew D* IVhik; Br. Al#rander Graham Bell; Mr. 
-Charles F. Choate, jn; Mr. John B. Hendergoth jr.; the Hon. Charles 
TV. FairbankB; and ttie secretary, Mr. Charles 0, Walcott. 

SELECTION OF TEilPORABT CHAtRMAN. 

The secretary, in the ubsence of a presuding officer, calfei the meet¬ 
ing to order. 

On motion, the Chief #J ustice was invited to the chair. 

ANNOUNCEMENT OF DEATH OF CHANCEIA 

The Jriecretjiry announoed the death of Vice Prc^sidcnt Sherman, 
chancellor of the Institution* 

Senator Inpodge submitted the following resolutions, which were 
tinaniiuoiisly adopted: 

Wierffls the Ekmtil pf of Uie SmltliBonlciD Inatitnnoa liare recelTed 

tbs sad iaiallleaDWj of the death on October 30, 1&12, of Jmuoa ^cbooTcraft 

J^hertuaa, Vice President of tbt United Slates and ehancelJor of ttio InsUtio 

tloa: Therefore be It 

^eso^red; That la Ibe paBalas a war of this diBLlngalsaed omclril ihe couhlry 
has a B 3 AI 3 who^ ua^lied public career and blanielefiB prlrnte Ufb marlcf^d 
him as one of the he&t exemplars of the hlgheflt tjpe of AmorScaci patrloUBin 
and cltisenahtp: while this lEStltatioti has beea deprlvM of the aaMCtatlon of 
a regent and presiding emccr who«e iPFftltj to Ita pun»*eH and In Its Inter¬ 
ests hare been an InspdratlDn to Ms colteafin]^ ■ 

IfetoliTd, That we tender to the faniUv ef 31 r. Shemnn onr rviipectfiil end 
unicere sympathy In their gredt bereavement: 

JfCfolred, That an engroeaed copy of these resaluUona bs imnamlttca to the 
family of the late chancellor 

ELECTION OF CHANCTLLOH, 

On motion, it was 

Thai the Chief Jiifitice of the Urntod Statoo be elected 
chnncellDr of the Smithsonian InHtitution. 

12& 
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A>*5UAr. liEPOHT SMITHSOXIAIT JNSTnUTlON, itflj. 
AI'l^INTJrENT OF REO^NTS:. 


The secretaiy Btjtioimced the appointment, by joint rcsolntioa of 
Congress, approved by the President, of Dr. Andrew D. IMute, to 
serve until Jone 2ft, IPIS. and of the Hon. CImrIes W. Fairbanks, to 
B€rve until July UHS. 


RESOImIT’KOX relative to IXCOiLE AND E.XPJi3XOIT17EEL 


Senator^ Boc^JUa chaimiitn of ^the exectitiTo tomniitteo^ presented 
the folioViing resolution^ n'liieh was adopted x 

That iht- Inronio pf jhe rnBtJlutiun for tin? jrcar ™dlns Jano 
30. 1014. tie nppmisrinted for m asen-Jw nf \h^ InsUtntJon, to be expcDflH by 
the BocretiTT. with ihe ndrice of thn oxectitive coniDilttee. with full dlatrreUcni 
an the part of the arentnty us to Items, 


AXNtTAL REPORT OF EXECimVE COMaiITTEE. 

Senotor Bacon, clmirtnan, submitted the report of the Mccutivo 
eommittee for the fiscal year ending June SO, Iftlit, 

On motion, the report was adopted. 

AJsXrAL REPORT OF PERMANENT COStMlTTEE 


Tile ^retai^', on iwhalf of the committee, presented the following 
report for tlie fUcal year ending June 30, l&ig; 

^raeorrA Cpr/ioraff^.—The development of the Beseurth Corpt>- 
mtion, which Js handling the Cottrell patents offered to the TnSl 

K« v“kr'rb™^”oXw^^ 

plaiw explained at the la.^t meeting of the board, on February 8 H)b> 
At present a num^r of installations are being madetXp^; 

rJJj ’™‘* corp«r,lim has gro^l,» ripidlr tint it ho bm 

■— 

It must U understood th*t in the development of any business nf 
^ »i.d. the vtUMUon? 
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A Fceciit report from the esecutor shows that the estate 5s being 
settled as rapidly ns possible. 

Avert/ Since the last inwtitig an. offer of $5^5 net has 

Iwen recch'eil for an uniniproTed lot on East Capitol Street, and 
has been accepted. 

On motion, the report was adopted. 

A^‘^■CAL REPORT OF THE aKCnETARI, 

The secretary presented his antiunl report on the operatintm of 
the Institution for the ffscal year ending June M, 1912. 

He stated, in relation to the publications isued by tlie Institution, 
that since the last annual meeting of the Begants there had been 
printed by the Inatituiion and its branches a total of 161 pub! lea.' 
tions, aggregating about 7,000 pages of test and 650 plates of illus¬ 
trations. Of this aggregate PO volmnea and pamphlets (2,360 pages 
and IPS plates) pertained to the Institution proper; (58 volumes and 
pamphlets (3,^ pages and 307 plates) related directly to the work 
of the National Museum; and 3 volumes (1,041 pages and 08 plates) 
were descriptive of investigations by the Bureau, of ^ynericati 
Ethnology. The total number of copies of all publicaHcms dis¬ 
tributed during the year was about 160,000. 

On motion, the report was accepted. 

llETtUlT OF THE COMMITTEE OX TUB r.AKGLET MtlMOEIAI. TADI.HI> 

Senator I>Mlge, chairman of the comniittw, submitted the follow¬ 
ing report: 

“ Your committee on the Langley memorial tablet begs to reimrt 
that Afr. John Elatiagnn’s design, which was accepted by the board 
at the annua! meeting on December 14,1011, has been cast in bronze, 
and is now in the place selected for it, the north vestibule of the 
Smithsonian biiiiding,” 

In this connection the secretary read the following letter: 

DacEnacB lO. ial2. 

Hon. Ca**iefl P. Waixott, 

S^fttortf fiinWfcirtston InxtitnUon, 

Deab Dr. wawott; I imre Uie pleaaure of Infomlag fou tl^at tt* Acra Clab 
of Waaiilngton expects to relebmte Laitslcf Day on Tuesdaj’, ilaj 6. 1M3. by 
boldlnj; an ariatloa meet on the Potomac RKer front, probahlj at Hie Waab- 
tn^on Bamcks^ aad will be ptcaseil to hare the ^mlUiaraian InstlLiilloD 
participate In tTti t event and a ay rnnctiona wLlcb may be associated wltb It 

The Army and Xavy aTiaters and larlona weality aefo clubmim at large, 
who own and ox>emte laod and water aeroplnhea, bare expressed tbelr wlah te 
flj on thnt occaslcn. 

InvJtatlotifi to ibe meet will be sent ta tho officers (nod their wlvea) of the 
Aoro CJttb of America and (o Uio prwlJontB of the M or more affiliated clnba. 
In addition to the aansJ wasblngtoo list, oompflslng represeatatlTw of the 
official and social Life ot the dty. 



128 


ANNUAL SJUTIiaONlAN IN&TITUTTON^ 1313^ 


If the i^mlliifi<s[iliin lo^tUutlDQ cxKQtetnpInto any for ituit dale or 

tliortalxiiiL the bcmnd of unmAgemcnt of the Aero dob will be jiteaHcd to 
aceommo^ljite Ha plans to any you dmj hriro In rlew for Ibat Umo. 

Teij tnily, yours. 


Ah F. ZasMh 

^eercfdry Aero Cifub o/ TFdaAfaoiofk 


The secretary &i\d thnt in ^iew of the facte set forth in Dr. Zahm’s 
letter it had occurred to him that the Langley Day celebration would 
ho a veiT appropriate tiniD for the unveiling of this tablet 
On motion, the report of the committee was accepted with thanks, 
and the committee requested to arrange for the unveiling of the 
tablet on Langley Day. 


THE liANGIiET SIED.^L. 


The secretary stated that at the annual meeting on December 15, 
1908, the board had esstablished the Langley medal, the first of which 
had been awarded to the Wright brothers on February 10, 1910, 
The committee was now considering another award, and would be 
ready to report its recommendations at the meeting of the board in 
February nest. 


tHE SECBET,UIVS STATEJtEOT. 


^Vaihnal The work of SDstallalion in the esthibition 

hulls of tlie new building has been puahc<] with so mucli vigor since 
the beginning of the year that in the course of another month the 
Inst of these halls, being those devoted to the mammals and to prdiis- 
toric archeology, should lie ready for the public. 

Avans coH^cHaru—It is cstreniely gratifying to note the continued 
and vety material interest of llr. William T. Evans, of New York 
in the welfare of the National Cjullery of Art. Beginning in lOOif 
wi^ a tender of 50 paintings by contemporary American artiste, 
and twice increasing the ertent of his offer, first to 100 paituinm and 
later to IW artists, Jlr. Evans has recently completed this important 
gift, which comprises a total of 139 paintings. The collection is not 
™iy mo^ prominent feature of the gallery now insUUed in 
Washington but is also a remarkable presentation of modem Ameri¬ 


can art. 


Senator Lodge submitted the following resolution, which was 


adopted: 



-- -—-p- WUUI 

CftUery of Art. conatitutlns 6 oollectton represeataUve to i 
cf the worJt aoU talent of coutemponri' Aujejican pclnLert. 


KXl'ETH riONS, 


ia9 


\ bri€?f of the rciUjlUi obtEtinixi follows^ 

molmkal of the Canal Zan<r^This sunrev ^as 

compluted and the work nct^mpliiihcd was very vnlnablc to scimo^ 
It incinded coUeclions and observationa of vertebrate animals, land 
and fresh-water mollusks, and flowering plants (mcludmg gras-^) 
and ferns. CoUettions bad liecn made of fohes, irptilea, and ampbil^ 
ians, birds and mammals, and special studi® aj.d collwtiona had 
been made of the micToseopic plant and animat life of the ft^h 
waters of the zone- PamphlcLs bad been issued from time to time 
describing new forms of animals and plants, and as soon as the mass 
of material could be worked up a more general account of tlm results 

of tho survey would be accomplished. 

Jittiney African, ca-perfifimi.—Tlie Pant J. Rainey expedition re¬ 
ferred to at llie last meeting came to a successful dtwe during the 
winter of 1011-12. Mr. Edmund Heller, a Smithsotnan naturalist 
ntid a member of the Smithsonian African expedition, accompanied 
Mr, Eainey and reported collections as folUnvs: 


VniTiimu lti 

EStnl«^— - 

RcptUi^ - - -- 
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During the entire expedition Mr. Heller was Mr. liaiuey s guest, 
ilr. Eainev gave him all the native assistanls that he could use and 
accorded liini jairfect freedom as regards choice of collcGting grountL 
Mr Uellcr was thus able to visit the exact regions from which ma¬ 
terial was most ne«led to supidement that procured by the femlth- 
sonian African expedition. After studying the ^mmala in the 
British Museum Mr. Heller reported that the United States AaUoiinl 
Museum now had the finest series of East African mammals in the 

world 

Eighty lions were secured on the expedition, which more than 

tripled the highest previous record for v „ 

he CM Frich AMcan expethtion left New 

York in October, Iftll, and arrived at Djibouti, on the Red Sea, in 
French Somaliland, Kovemher 22. As previoijsly stated, it wa^- 
companied bv C5ol. Edgar A. Jlearns, Untied States Army, retired, 
who was a nitniber of the Smitlisonian African expedition. 

The Frick party traversed the territory lying north of that visiirtl 
bv Col. RooseveUand Mr. Rainey, covering at the iame time certain 
parts of Abysainia. northern Britiah East Africa, and the country 
«!?«!»*— (iM mi — 0 
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lying alxmt Liike Hudolf. Tkc expedition ended about .September 1, 
and the party sailed for America nn September IB, 

The collections m ii whole embraced plants, mammals, birds, rep- 
tilei, buctraclimiis, fiidies, molhtsks, crustaceans, and other iiiverte- 
bmtes. About 5,000 birds were obtained for the Xational Huseiim. 

Horneo Tlie board would recall that Dr. W, L, \h- 

bolt, u collaborator of the United States National lifuaeum, verj' 
generously contributed the sum of S5;000 for carrying on an expedi¬ 
tion to Dutch East Borneo. Reports bad been reeeired tliat the ex- 


null 


pedition was sticcefisftil. but as yet the specimens iic^^uired 
been shipped. 

Xynwfii .Sibgrian expeditton ^—^Tbe expedition to the Altai lilonn- 
laiiis, in Siberia, which was financed by Dr. Theodore Lrman, of 
Cambridge, Moss., left Washington May 21, 1012, and rettinied Sep¬ 
tember 16, 1812, As arranged, ^Ir. Ned Hollister, a naturalist in 
the National Musaiim, accompanied Dr. Ljman. The expedition re¬ 
united in the securing of 350 mammals, 300 birds, and 100 tntBceJ- 
I ancons specimens. 

Tho mammals woidd remain in the XatiojiiiJ Museum, while the 
biwls were intended for tho Museimi of Comparative Zoology, Cam¬ 
bridge, The scientific work was entitrly in charge of Jfr. Hollister 
.ifisisted I*y an experienced alpinist, Co^d Kain. The region cov¬ 
ered lay In the Knrai district. Government of Tonjfit. Tlie collection 
of mammals was one of the most important reoeived in recent vears, as 
ihe region was hitherto unrepresented in the Museum, and the fauna 
was of special intensst on account of its dose relationship with that 
of the United States, 

BritigA Cotvmlh ceperf/fion.—Under the direction of the secretary 
an expedition wa$ uodertakan in British Columbia north of the 
YelJowhead Pass route of tbo new Grand Trunk Pacific Railway 

Outfitting at Fitxhugh, the party entered the high mtmnh^ 
ninges northwest of the Yellowhead Pass, 275 mdes north of the 
fbrty.ninth parallel—the boundary between the United States and 
CatK^B. Two of the young men of the party collecterl mammals 
the Bfcin.s. and skulls of which are now in the National iluseunL 

The work of the secretoiy was to determine upon the best 

Joeality for a geological section of the motmtein ransK forrainir the 
mam mas, of the Canadian Rockies in this region. A general s«tion 

TZ range in such a manner as to ascertain 

■ hat there was a thicineas of some 12,000 f«t of Cambrian fo«il 

.lm»B .„a iooo t«t of Oodorioion otrou, .S' 

In olW oonis. tb,, peiOB nod ridge, of Hf. 

.™ of po^,r.,j,o koorro i„ Aoierir., 
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Lirpe coH^rctioiis wen; iitao imule from ttie famoui; Burgess Pass 
fnssil loralLty. 

Algerian titpedifhti ,—In 1011 liit Attention of tlic board wits 
t:aU«l to tlie work of Director Abbot, of the Astrophysicnl Observa 
tory, in connertioji with ffttidicii of the sun as a variable star. He was 
sent tt> Bassonr, Algeriaj to observe tlie so-called solar oonstaEt of 
radiation,’' while aimilar obseivatioiis were made at the Jlcmnt 
Wilson (CaJ.) statitm by Assistant L. B. Aldrich. These meusu^ 
ments had been reduced and strongly confirm tlie supposed variabiliti' 
of the sun. 

In May, 1013, Mr, Abbot returned to Algeria, while Aid F- E. 
Fowle made observations in California. The results were not yet 
reduced, but little donlit was felt that they would be quite sufficieni 
to fully prove the stippoeod variability of the sun. 

A mort iniercBting olwtervation was made by Messrs. Abbot and 
Fowlo in connection with this work. It will be recalled that on 
June C. 10IS, a volcanic eruption took place in Alaska. Mr. Abbot 
noted on June 19 (only 13 days after the eruption^ a smoky Hpiiear 
snec in the sky. which rapidly increai5ed. Throughout the remainder 
uf hia stay in Algeria the sky assumed a whitish hazy appearance 
and die quantity of the direct radiation from the sun was reduced 
about 25 per cant below that he hud observed in the preceding year, 
SimUsrJy, Hr. i'owle uljscn ed the same apjwaranees beginning with 
June 21. but owing to the greater elevation of Ins station on Mount 
Wilson the decrease in the intensity of the direct solar radiation 
was not quite so great as hnd been found in Algeria, Similar effects 
were noted in Washington, beginning June 11, and have lasted ever 

fdnee. , , 

» Mr. Abbot made in Algeria some mBasurements of the radiation 
diffuswl from the sky, and ho drew the conclusion that the total 
radiation of the sk)- and the snn cotabined was during the sum¬ 
mer of 1012 by about 7 or 8 per cent t han generally during the same 
months. This defect in tho quantity of the radiation available to 
warm the earth would naturally have produced a decrease In the 
earth’s temperature. Hence the pronounoed coolness of the past 
summer ‘wms to be e.vplamed os due to the world-wide distemina- 
tion of a blanket of volcanic dust from the .Uaska eruption. 

Lakt Baihal regi(ff^, Siberia.—Mr. George Mister, of Boston, .Mass., 
an esperienced big-gatue hunter, volunteered to get material for the 
Museum at and near Lake Baikal during the summer of 1012 and was 
appointed a collaborator for two years. He reports the capture of 
two bear, several Baikal teal, varlouB small mammals, and a coUcc- 
tion of from the lake, but no spwimEiiB have been received- He 
has not yet returned. 
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firitUh Xarth iSofwro*—Mr* D* D* Stwatec, jr., of Brooklyn, N. Y., 
volunttfored to collect in Briti^ Kortb Borneo for the Museum a.nd 
WHS appointed collnborator for two yean*. He left New York about 
April 1t>, 1912. and has sent a few reptiles and bats taken in Algeria 
on his way eastward, 

.-UcisXvin Mr. Copley Amorj', jr., of Cambridge, Mani,, 

volunteered t« arcotnpany the Coast and Geodetic Sun’ey party en- 
j:niged in survejing the Alaskan-CanAdian boundary. He was ap¬ 
pointed eoUaborator of the Nationsl Mnsrum and joined the party 
in the field about July 10, 1912, remaining throughout the season. 
He reports excellent rctnilts. including the capture of six or more 
caribou, probably of a species hitherto knoo-n from a lew ^ulls only, 
but no specimens ha%‘e yet been received. 

^orth China. —Mr. A. de C. Sowerby is making colleetions in 
North China for tlie Xationa! Museum through the Ii1>enil)ty of a 
gentleman who desires that his identity be ncTt disclosed. Mr. Sow. 
erbj's work has been interrupted by the Chinese revolution, l>iit he 
has recently sent in «x wild sheep, two Slnnchurian wapiti, and a 
few other mammals, birds, and reptiles collected in northern Shansi 
in May, 1912. 

Siberia and Mangalku —I w*oidd o^k the board's attention to the 
anthrupological r^sienrehes conducted in SUwria mid Mongolia by 
Dr. Ales HrdUffka. Curator, division of physical anthropology. 
United States National ^riiscmu. os mcntioiuvi on page 11 of the 
annual report. l>r. ITrdilcka is now preparitig for mi expedition 
to South America, where he irill work in ronjunction with the 
Panania-Californk Extxtsition of San Diego. His <jpecinidnB will 
liltimateir find thoir way to the National Mtisonm, 


RSOTTl,AJt MEETIKG. FESBUAJEY 13, 1013. 


Present: The Hon, Edward D, VMiite, Chief .Justice of the United 
States, chancell or, in the chair; Senator Henry Cabot L«lge; Senator 
O. Bacon; Representative John Dalzell; Dr. Alexander Graham 
Bell; the Hon. Gcfwge Gray; Mr. Charles F. Choate, jr*; l£r. 
John B. Henderson, jr.; and the secretary. Mr* Charles D, M'alcoti! 

RBAPPOl.VTilENT OF KEGEXT. 


The aectetary announced the reappoimrncm of Judge Gray os a 
miren Regent, by joint resolution of CongresR. approved by the 
President, to serve until Febmarv 


1910. 
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USE OF THE ACDIWHIUM IN TUE .SEW BL’lLEtNG OF rHE UXITEU 
STATES NATIO^^AL MUSEUM, 

After discussion Ihe following I'cgtilations were adopted: 

l. TIm? ii**e of ih& addUoKuiE In nuthorlzeil f*ir unj meeUnKS ocr oUjkt fiuie- 
tldas orljcliijitlii}^ with the ttistltutlou, 

a, Tlie #wn?l*n‘ of the InHtltnUns f« «iitliorlKfi#l. In hb iUneretlon, ro smtit 
tisi- use of tlie lOidltoiium— 

(rt> T0 Di^ulizfcUoiiit liii^lOK objfcts piiil jirtlTkli^ iHrecU^ n-Muti**! lo 

Oiose of the InatltutJoo. xinxl 

(&) For GoTeninieut i»ur|wiiieft uikon llio requcpl of the Ppp^iaeut, tlie 

Secretiii^^ of iln Eiecnthe DefMirtinont, or the head of iin liulei^endeht 

bnuirlL * ^ 

3, Ail rajucstft for tlic ntw? of the iiudkorluns for iinriiosTei^ ntlier tlinii as 
ntjove UMllcntecl Bhitll Iw mihmlttwl to the perpmowii ixmimltteei who Rre em¬ 
powered to ftCt^ 

4. AJl extru eT[«ynj«n aitcmliiiLt uiwM ib} ene t^f the nudJlorhitLi, aieept 

by Uit' iBFtltnttPii und Itii bnmelM^ IwM by Hm* orKonlwittdil or GoV' 

fTUoicDt bnincb bJivInir micti tiso. 

DOS AXIOM OP JOMM ». HKNlUiBXOS, JB. 

Tlte swretBr>' stfttrd tbal Mr. Hcntlerwm had donated Ole sum of 
$600 for the ronstriction at the Zoological Park of »□ outside cage 
fttr the |)arrot;i, in which tlicae birds were now thriving satisfactorily. 

>rr. Choate offei'ed the following resolulion, which was adopted: 

JVr^tuit-ed. Unit thif tJuinks of Ibe Boiinl of Beifeirtsi ijf ttoe Bmltliwnton In- 
DtltatUm lire berehy ti'MderiJd to Their i!otti»(nio. Mr. aoho B. Honsletmia, Jr, 
for bl* itonerooJty lo provldtoir ibo fund* toqtilulte for tho comottuctlon of on 
ojMR-olr «iae for Oortjilu Wnis ol the Sntlotwl Park. 

GIFT OF MKH. liDWAIlU H* il.vRKfMAM. 

The aecretarv antioiinoed the gift to the Iniftitution by Mrs, Ed¬ 
ward H. Harrhnan of a set of the publication, Tlie Xofth American 
Indian, by Edward S. Curtis, a pixiject involving 90 voliiioes and 
nn expenditure from first to last of nearly SljpOO-OOO. 

Eight vdtlineB and portfolios had been issued and derivcr^ to the 
Institution, and the remaining 19 would be received as printed. 

.Tudge Gray offered the following reHolution, which was adopted: 

lfd<ofr«r, Tluit the tbabka of ibe BoaJtt of Reecots of the RniltlwDnlBn Itt- 
stJtntlon ftp tpodereil to Mrs. Edwanl H- HarrliiWii for the ptft of n wt of 
The Morth AiwerlMD Infllan. by Fjilwanl A Cartbi, Borf e^lally for the tlodlj 
reeUaK that itRuuptcil bvr In bwtowinir iblu mloable work npon the InaiftaGan, 

ftMITH!?0?^lAX AFRICANS EXPEDITION- 

The secretary spoke as follows: 

“ Considerable interest is being token by the public in relation 
to the dispositioii of the collections made by the Smithaanian jVfncan 
expedition under the leadership of Col. Theodore Roosevelt, olso aa 
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lo Umt people who contributed the luooef {or p»}'in^ the proper^ 
tioiuite shore of the expenses of the three men sent out by the Smith- 
sonian with Cot. Hooseeelt. 

^The eollectioii& when received, were distributed to the various 
dcparttiients of the yational MuEeum to which they pertained; the 
birds were sent to the bird, department^ the large auinukls to the 
mammal departineut, tile plants to Ute botanical department, and so 
on. A number of groups of the large mam mala Lave been prepared, 
and a number of individual Epocimena mounted for exhibition pur¬ 
pose Tlie greater portion of the specimens have lieen placed in 
the study aeries, and the duplicates will be distributed by exchange 
or otherwise. 

“Hie grouiis of large mammals now mounted will shortly be 
placed on eshibition in the new museum mammal hall where the 
larger animals will be exhibited, 'rhoso that were on exhibition have 
been temporarily withdrawn, in order to assign them to their proper 
place in the clarification In the hall, which b closed temporarily 
pending tlw arrangement of the cases containing the specimens. 

“ It now seems an opportune time to make a feal statement relau 
ing to the expedition, and with this in view the secretary recently 
communicated with the parties who contributed to the fund, and has 
thus far receii’ed replies from the following that they have no ohjee- 
lion to their names being given to the public. In this connection the 
iKcretaiy wbhes to state that up to this week Col. Booscvelt has not 
known who the contributers were, with the exception of Mr. Carnegie 
and possibly one or two personal friends. 


“It has not been the custom of the Institulion to publish the 
names of wntributors to research work or expeditions conducted 
under its direction until such enterprise bad been completed, and only 
th^ when the contributor had no objection to such publicution. 

“The contributoi? include Mr. Edward D, Adams, of Xew York 
tbtyj Hon. Robert Bacon, of Boston, Mass.; Mr. Cornelius X. Bliss, 
of Xew Aork City; Mr. James Catiipbell, of St. Louis, Mo.; Mn 
W. Bayard Cutting, of Xew York City; Mr. Andrew Caraegb, of 
hew York City: Mr. Cleveland H. Dodge, of Kew A'orb City: Mt. 
E. H. Gary, of Xew A"ork City; Mr. John Hays Hammond, of lYash- 
i^on, D. C.; Col. 11. L. Migginsoa, of Boston, Mass.: Mr. Hennen 
Jennings, of Washington. D. C.; Mr. J. S, Kennedy, of Xew York 
City; Mr. Kolpb King, of Cleveland, Ohio; Hon. (Icorgo von L 
Sleyer, of Washington, D. C,; Mr. D. 0. Mills, of Xew York City ■ 
Hon. T. n Xewberry, of Michigan; Mr. U U Xunii, of Provo. Utah- 
Mr. H. C. Perkins, of Washington, D. C.; Mr. George W, Perkins, of 
Xew A ork Crty: Mr. Henry Phipps, of New A"ork Citv: Mpsl White- 
la w Reid, of New Aork City: Hon. EUhu Root, of Wasliington. 
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D. C.s Mr, J* C. Eosongartent of PtiiJjsddiih.mj Pa.; ifr* Jacob H. 
Schiff* of New York City; I$aac X. Scligman, of Xcw York 
City; Mn O. M* Stafford, of Cleveland, Ohio; Hon, Oscar S. Straus, 
of Xcw York City I an d Mr. Iridor Straus, of New York City* 

From the euutrihutiiwis the Smitbscmian’s threc^fifths^ share of 
iill the expenses ’^'ere paid; tha other two-fifths were paid by CoL 
Koosevelt, which covered all his personal expenses and ttiose of his 
son and their proportionate two-fifths^ sliare of the total expense 
of the expedition. 

^The following is the complete list of the eoUection made by the 
expedition that have been received by the Institution * 


Maniizinljc.- -- - ---- 3,013 

Bii^ - --—-- —4,453 

fttnls' and iiL^tS--^ -- 131 

asiU liatmc M i ma -. --- —.—— 2, ;t22 

F\^ __ _____ _ . 447 

Flaata-. -------- 5^,ie3 

Inaecit H ---—^ _____ _ 500 

ShellFt_ _ _ _____ It KJO 

MlscellflitticiiJH InvOTtebmteflL^ _*______ 050 


'Total ---- 2^ tG0 


As the result of this expedition the biologicul collections now in 
tlie National Museum frt»m East Africa are probably llie most com¬ 
plete and systetnntic of any in the world. 

AVVAltp OF t^^NQLEY 

The committee on the Langley JiUKial presented the following 
report: 

WAaoixGTQ^, D. Cw, Fetruarp id, JSJ’S. 

Uqvl CHaM^ D, WitlXrTT, 

Seercr^rriJ £prti>fA«firiiati jHutifutituk. 

DiLiB £^ie: Tap comiaitttH- on ttw award of the iJiDgle^' medjiJ rLH.^Nmme3HtB 
tkiit nii^dalK be owueded to — 

L MniiHl^ur Guafave FUflel, for admnclnjc tbe fwlonce of aniM^dromlcs bf bla 
re«ntrt'!b^ rc^atloi; to lLo re^ltrtunco of ilie a\t Ju coantMnlon wltli aviation^ 

2, Glenu ^JnrttBa, for advancEuir the art of aorodromica hs tita 
cessf al UcTolopmmt oi a Itydroacmdrome, wheirbj the nafatj^ of a viator haa 

b^m CELliiaiiccd, 

Res|j«ctfuljy submitted. 

A-UCxAXOEa GaAUAV Hiuli. 
jAMCa Mea.xa« 

J. A. SluBiiiiJiii. 

After iieniarks by Dr* Bell, the following re^Iution was adopted: 

^tofrrd. That tlie Eoard ot Ecg?^Ea of the Smltliaotilaa lustftytloci approve 
the recomukvadAlloDa of the cotnuiltte^ on the LnoEley tcodnl that Bold medaJ bo 
awarded to Otrttiii?e EICTo] and GlCiia Curtly tot advaucea la the science 
and art of aergdromlca, respectIvelr; nad tthit nrmnaeiiHi'nta loade to pre- 
aeut the znedata m War 1U13 iLonEley day). 





















liJIi* AN S' UAL KEKIRT gMll'iltiONlAN IS StlTUTIl>N, 

AmiODYNAHlCAL [^ORATOBY. 

The secretary brought befare the board the question of the eatab* 
lU hm ent of a laboratory for the study of acr^ynamics under the 
direction of the Institution. I-Ic spoke of the work done by the kte 
5»«ctetary Lnngley under tho auspiccf: of the Smithm^nipn Institution 
end the It'ur Department^ and of the studies being condiirted by iilhcr 
nations which had regularly established laboratories. 

After full discussion of the question, the following resobaiou was 
adopted; 

Rt*^\vci, Hint iluf Bubject uituter of Ute »«fotnr>-’B mruuntienOatioiLB tie 
nffemd to a eomiulttee of three, to tie at’P*’fntp(1 bj the cbiiitccltur, to report at 
the next tneednt,' of Ule boanL 

The citancellor appointed as the committee Judge Gray, Dr, Bell, 
and ^Ir. Dalzell. 


AMERICAN .SCHOOL OF ARCHEOLOGY AT RliKJN, 


The secretary said; 

“ Tho American School of Archeology in Cliina w«fi launched at a 
meeting held at tha SmUlisonian Institution at 10 a. m., Januarr 3, 
1013, by a eotnmittM consisting of Dr, Harry L. Wilson, presideat of 
iha Archeological Insritiite of America; Dr, Charles D. Walcott, sec¬ 
retary of the Smilksoatan Insliliition; and Mr. Charles L. Freer of 
DetrfiiU ’ 


“ According to a statement aiibuulted by Brol Kruticis W. Kelsey, 
of the Univei'EJty of Michigan, who uppeared before, tlin committee 
by invitation, the objects of the school arc: First, to prosecute archeo- 
logiml research in Eastern China; second, to afford opportunity and 
facilities for investigation to promising and exccplional students, 
both foreign and native, in Asiatic archeology; third, to preserve 
objects of archeological and cultural iutercsf in niuseuma in the 
countries to which they pertain, in cooperation with e.xisting or- 
ganhsations, such as the China Monuments Society, the 
dhVnkor, etc, 

“ The management of the affairs of the s,>hool was placed in the 
hands of an e.Yecutivc committee of live, consisting of Dr. Charles D 
Walcott, of tlie Smithsonian Institution ; Jlr. Charles Heury Butler 
reporter of the Supreme Court; Dr. Ilarrj- L. Wilson, of Johns Hon! 
kuis Univereity; Mr. Charles L. Freer, of Detroit; and Mi-. Eugene 
Mejier, jr+j the Xcw York Unancier* 

“Besides the above mentioned escuutive committee there were also 
present by invitaUon Prof. Francis W, Kelsey, Prof. Mitchell Car 
roll, Mr. Frederick McCormick, and Mr. irilliam H. Holmes. 

“The purposes and great possibilities of this movement for first 
turamg American arrheological research directly to eastern Asia 
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has skkce the propuaal was made lq October lasL e^ceited 

great mterest In American acientiHc and educational circles. 

^^The general committee consists of: Former Preaidetit James B. 
Angell, of tJie University of Michigan. Ann Arbor; former President 
Charles lY. Eliot^ of Harvard University; William Rutlierford 
^Fcad^ the ifew York architect; MitcbeU Carroll, of Washington^ 
D, C.; Charles L. Hutchinson^ of Chicago, IlL; J. Piarpoiit Morgan, 
of XeiT York City; Charles Henn" Biiilor, of Washington, D* Cm 
Mr. Frederick McCormick^ of Pekin, who organized in China tlie 
first movement for tlie inv^tigation and protection of Chinese monu¬ 
ments; HeTiisy T\1iite, of Washingtont D. C.; Francis W, Kebey, of 
the University of Michigan; Eugene Meyer, jr., of New York City; 
Willai'tl D. Straight, secretaiy of the jVmerican group of banks in 
Chiiitt; Secretary Charles D. Walcott, of the Smithsonian Institu¬ 
tion; Harry K IVilson, of Johns Hopkins University; Charles I* 
Freer, of Ue troil, Mieh- 

“Dr* Wakott was electevi chainnnn of the general (Ximniittee and 
Mr. Butler its secretary. 

“ To carry out the program looking to ilie formation of the ^\nier- 
ican School of Ardietilng}" on the soil of China the Hon. Edward T* 
Williams* first secretary and charge d'affaires of the *\merican lega¬ 
tion in Pekin; Dr. Charles D* Tenney, American consul at ban¬ 
king; anti the American minister to China, qx officio* were selected to 
head the advisory committee in China. 

^ Several American ai’clieologists appeared before the eomuiiltee 
during its dbeus^ions, includiug Mr. Edgar L. He wet t, Sir. Charles 
T. CurriiUyi and Mn Latigdon Warner. 

“Ijiangdnn Warner was selected to make a preliminary survey in 
the Chiiie^' Republic^ to cover ii period of a year or a year and a 
half, and to rcptvrt at the ne^t amiual meeting of the general com¬ 
mittee on the aclvisahility of estahlishing the .L^erican School of 
Archeologj" in China,” 


SPECIAL MEETING. THUBSOJAT. MAT 1. lOlS. 

Present: The Hon. Edward D* Wliite, Chief Justice of the United 
States, chancellcir, in the chair: the Hon. Thomas R. Marshal^ Vice 
President of the United States; Senator Henty Cahot Lodge; Sena¬ 
tor A. O* Bacon; Dr. Alexander Graham Bell; the Hon. George 
Gray: Mn John B. Henderson^ jr*; and the secretary, Mr. Charles 
D. Walcott. 

appointment of EETpKNTS. 

The secretary' announced the appointment, by the Vice President, 
qf Senator A* 6* Bacon and Senator William J* Stone as Regents of 
the Institution. 
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^SJUTAL HEPOHT BinTHflONlAX IN'finTVTlON', 1013, 


C'QAlfiMAN OF EXECUTIVE COilirETTEE. 

.SflDat«r Bn^oii reolwtcd chairraun of the executive cotninitteCv 
ACKNOWLEDGMENT OF AWAKDS OF TIIE LANGLEV MEDAJ* 

W«c«T, Fc&rN^rtT 17, 191,. 

S&reiafy o/ Sfftiih9on(an 

1 very aenMble of the gKOt honor Uuit ym\ onnoiiDce to mo. uua dunk 
yan. bwxlnir yon to traaamit nq otttrwslon of my at.prwl.tJo« to U» council, 

GtrsTAVE Hirm. 

CrxTiBs Aviitios Camp. XoBt» IsiAiro, 

Mr, C. D. W*i.o>*T, *”* 

Dxae I nm Juot Jd K«lpt of n comteuulctiou from the offle* adviKinn 
mo of tbo recent nword of the Ijmeloj- tnedej nafimiif 

I, indeed a BurprE,,, t. me ..nd I oppro.l«,e tmle, ,im 

I wU\ plan la ba In tl'nBhia^an on Mny Gl 

ronrBp slacendj, « it 

Q. H. CtnTiJw, 

BORNEO KXPlJDITrON. 

AiLDOUiiceinent was made at the board meeting of Febritnm q 

. U th.i Dr WiBU,™ L. Abbo... . coll.b„r..;V2t!Sta 

ana Mui>cuin for many yeare, Jmd given the Intditinion So 000 for 
use m continuing certam collections in Borneo 

S3,000 for 

the LAXGUJ^' AEBODTXAMtCAE IJIBOHATORT. 

->■• 

>)lhem» the SmlthMutlan Inxtltutlou njmpas™ „ i„k„„, 

|lu«tlon» retatlns to aer«iymim[«b which Iwa ‘^1 ''' 

ItB tHwtor, the tote |>r. s. p. f 

Inatitutlnn* nni] ^ af th.^ SmitlSBi^DEan 

WhmtiB U la dcBlnihle to foster and Motlnne, in the Inatltution iti. ., 

WM eennected, the netwlynamlcHl rve«irebec wt.t^ ’^Itntlon with which bo 

«eaalrcd. The, ,te of 4c^o^. SmbfaJ!! 

apihorhtea the Bocretnty of the luBtitutlon, wlSi th^JtL *T^™ 
the CEocutlve eomnitttee. to mtnen the S.mithp»hir.h t approval of 

on tt iieromnuut basla; mimwiUMpii uf ihe Inbomtaty 

That the ncrodpiuimlc tabomtorr i f the .. 

thoa^Iej AnodytuimlcnJ Labomtorp; ***" ^ Itoown an the 
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XImt tlie AmcUWii ot Uie lubDunic^rr almlJ l>e tt# stuily of the prohlcmH of 
amdromica, pnrttculorlx them of a^rodyoamlc*, with each rMoarch end 
p^lmetilatlcm a# wit)* be neewnr)^ to Iin;re*» the aaietj mid eSeetiTtiiiesi of 
aerial locomotion for the purpoHA of commerce, natloaBl defease^,, and the wel- 
&re of h^n; 

That the secremry la authort]i4fd to aecni^ oa far aa practicable, the coopera¬ 
tion of jpoTemmeiiiDl and other ageuclen in the dereloptoeat of nerudromlail 
research under the direction of the SmlthBonlan InitltutloiL 

death of form Fit REOENT MBS U. UEXDERSON, 

flndge Gray submitted the following resolution, which was adopted: 

WbereoH the Board of Be^’^ents of tho S^lih^Mihiu InBtitudon have heard with 
profound ocfifilblllty of the death of the honamhle John B. HfisideraoTv lonj^ 
time fl member of the boattl i 

JSetofi^d, That n cowtaltto^ of three ha appointed by tbc chnncellar to ptepafe 
a onltftble ml unto conimeinomtlro of Mb character as a citizen and public oorvant 
and of hla vntiiahle aerrioe to this Institution, to be reported at the neit meot- 
Jnir of the hoard. 

The chanceUor appomted as the comm it tee Judge Gmy^ Senator 
Lodge, and the secretary. 
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ADVERTISEMENT. 


The object of the Genekal Appjindls to tlie Annual Report of tbe 
SmithsoniPIT InstitutioD is to funiish brief accounts of scientific dis¬ 
covery in particular directions; reports of investigations made by 
col labors tors of the mstitution; and memoirs of a general character 
or on special topics that are of interest or value to the numerous 
rorreapondentfi of the institution* 

It has been a prominent object of the Board of Regents of the 
Smith^niiui Institution^ from a very early date, to enrich the annual 
report re^juiml of them by law with memoirs iUnstrating the more 
remarltable and important developments in physical and biological 
dlscovei 7 "i as well as sliowing the general character of the operations 
of the institution; and tMe purpose has^ during the greater part of 
its historyj been carried out largely by the publicjiLion of mich papers 
as would po^ess an interest to iil[ attracted by scientiEc progress. 

In IfiSO the secretary^ induced in part by ib& discGutinuanoe of an 
annual summary of progress which for 30 years previous had been 
issued by well-known private publishing had prepared by com¬ 
petent collaborators a series of abstracts, showing concisely the prom¬ 
inent features of recent scientific progress in astronomy, geology^ 
meteorology, physics, chemistry, minersKlagy, botany^ zoology, and 
mntihropalngy^ This latter plan was continui^} though not altogether 
satisfactorily, down to and including the year 1888, 

In the report for 1880 a return was made to the earlier method of 
presenting a misoeUaneous selection of papers (some of them original) 
embracing a considerable range of scientific investigation and dis- 
cusioiL This method has been continued in the present report for 
1913 ^ 








THE EARTH AND SUN AS MAGNETS.* 


By Dr. GedIhis EllilXY UaLC,' 
JloMUl Wttton Boine Obnertaiory. 


[Wltli B [ilutn*,l 

In 1891 Prof. Arthur SchuBter,. tspt^aking before tbe Royal Insti- 
tulian, asked A t|uestion which haa 1>een widely debated in recent 
years: “ Is every large rotating body a magnet ! ” Since the days of 
Gilbert, who firet recognized that the cartii is a great magnet, many 
theories have been advanced to account for its magnetic properties, 
Biotj in iflOSf ascribed them to a relatively short ma^el near its 
center, Gauss^ after an extended inathemBticol investigation, sub* 
atituted a large number of small magnets, distributed in an i^f(^gu- 
lar manner, for the single magnet of Biot, Grover suggested that 
terrestrial magnet ism may la; caused by eleotrie currents, circulating 
around the earth and generated by the solar radiation. Soon after 
Rowland s demonstration in 1S76, that a rotating electrically charged 
bodv produces a mognetic field. Ayrton and Perry attempted to 
apply this principle to the caw of the earth. Rowland at once 
pointed out a mistake in tlicir calculation, and showed that the high 
potential electric charge demanded by their theory could not possibly 
exist on the eurtirs surface. It remained for Schuster to suggest 
that a body made up of molecules which are neutral in the ordinaty 
electrical or magnetic sense may nevertheless develop magnetic prop¬ 
erties when rotatcrl. 

We shall soon have occasion to esamine the two hypotheses ad* 
vanced in support of this view. Wliile both are promising, it can 
not be said that either has been sufficiently deveioped to explain coni- 
pletely the principal phenomena of terrestrial magnetism. If wo 
turn to experiment, we find that iron globes spun at great velocity 
in the laboratoty fail to exhibit magnetic propcrtieiE. But this ™ti 
ho accounted for on either hypothesis. What we need is a glolie of 
great size, which has been rotating for centuries at high vdfxUy, 
Tlie emn, with * diameter 100 times that of the earth (fig. !), may 

d«ltTi-rt4 mt tba ncttUCEOfFiinUl flt Ihw Andrmj at 

Wa^htnKton. (.1^ I&IS^ 

■ Tb® aiitiior IialI fbtfor? tM* Mdilrw^ ttt Eiabllh^ tt to • thopoiyfti- 

Juaii u^ Ihw^rt ihv n-aului or rownt o^rvAtioDa, tmt !tae liaa th™ ppcTmr^jd bj 
lUnon froEn dalDc n. fAttt; 
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thrnw some Light on the pmhkm. Its high teiBpeniture wholly prc- 
rlades the c3tistern?e of pernio neat magnt^U, hence any magnet L*'m it 
may eshilnt oinsl he due to motiom Its great mtias and mpid linear 
velocity of rotation should produce a magnetic field mnch stronger 
than that of the eartk Finally, the presence in its atmosphere of 
glowing gases and the weU-known effect of magnetism on light 
should cnuhle usi to explore its magnetic field even at tlic distance of 
the earth. The effects of ioiikation, probably sriiall in the region of 
high pressure beneath the photosphere and marked in the solar atmo€^ 
pheret be determined and allowed for. But w ith this inipurtaat 
limitation the aim may be used hy the physicist for an experiment 
which can not l]« perfomed in the best equipped blioratory. 

Schuster^ in tiie lecture already cited^ remarkedi 

Thv Icnu of tbe eomiia a farUier ]irpoUie«ia whlcLi., tfitmmpint 

U ipay artieftr at pfeseat, auiy ret proTe to be? true, la tlie auu n aingn^t? 

SumnuDg up the situation in April, LSI 12, he repeated i 

Tbe pvloeDco twhetlier ttie sun U n Diaaoet) rest* cnttr&]j on the form of 
certain nir» of tlie coroon^ wiik'h—ns^iimina Uiat tliey latlicite the inth of ittxh- 
JectSnff poillclefs—w-eni to bo detlectetl as they woitlO be In u nia^^tic flclC but 
UiEa erlOcfiue Li nor at all ^Ifive. 

There rerijained the possilulity of an appeal to a eonelusivo test 
of magnetism—the characteristic changes h protlnres in light wltieii 
originates in a luagnetic fiehb 

Before describing how thU tcM hiui Itecn applieiU let us rapitlly 
recapitulate some of the principal facts of terree-trial inagnt?thim. 
You see upon the h<'reeu the image of a steel sphere (fig, 2)^ which 
has been strongly magnetixeiL If iron filings lire sprinkled over 
the glass plate timt supi>urts it^ each minute particle bet'omes a mag¬ 
net under the infiuence! of the sphere. When the plate i5 tappedt to 
relieve the friction, the particles fall into place along the linea of 
force, revealing a characterisitic pattern of great beauty, A sin fill 
compass needle, moved about Uic sphere, always tunuii so os to [joint 
along the lines of force. Ai the magnetic poles it poinls^ toward 
the center of the sphere- J Lid way between them* at the e<|Tiator^ It 
is parallel to the diameter joining the poles. 

A^ tlie earth ib a magnet it should exhibit lines of force rcn^mbling 
those of the j^phere. If the mttgnetic poles coincided ^vUh ihe poles 
of rotation, a freely suspended maguetic needle should point ver- 
ticaJIy downward at one pole, vertically upward at tile other, and 
horizoDtally at the equator. A dip needle, ufsed to map the linci^ 
of force of the earth, 15 shown on the screen. I have chosen for 
illustration an Instruinent derigned for u$e at seaj on the non- 
magnetir yacht f'flrtitfgfisj partly t^eeauBo the equipment used by 

1 ILtMtTiitnj In ArlklF un Tbp t^F I>r. Bitdcr, of tbit 
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Dr. Bauer in. his exieitziFe aurvej.’s reprti^tnbi the bent now in tuie^ 
and also becarise I wish to contrast the widely different means erO' 
ployed by the Carnegie Institution for the investigntion nf solar and 
terrestrial magtietk phenomena. The support of the dip needle is 
liung ill gimbals^ so that observations mny be taken when the ship's 
deck is inciined. Tlie snuillest possible a mount of metal enters into 
the eonatrnction of this vessel^ and where its iis^ eould not be avoided, 
bronze was employed irustead of iron or steel. She is thus admirably 
adapted for magtieiic work, as is shown by the observations secured 
on voyages already totaling more thnn 100,000 miles. Her work 
i_^ ^pplcmenicd by that of land parties, bearing instniments to re¬ 
mote regions where magnetic observations have never before been 
Diade. 

The dip needle clearly shows that the earth is a magnett for it 
behaves in nearly the some way as the little needle used Iti oiir ex- 
periment with tine magnetized sphere. But the magnetic poles of 
ilifl earth do not coincide with the geogruphicfti jjoles. The north 
magnetic pole, discov^ercd by Boss and last vbited by Amundsen 
in HWSt B&hiiis Bay* in latitude 70® north, longitude 

9^7^ west. The posidon of the south magnetic pole, calcidated from 
observations made in its vicinity by Capt. Seott, of glorious memory, 
in his expedition of IflOl—lDflht- is 50' south latitude, lo3® 45' 
east longitude^ Thus the two magnetic pales arc not only displaced 
iibout 30° from the geogntphical poles; iJiey do not even lie on the 
feame diameter of the earth. ^loreover, they are not fixed in jp<m- 
tion, but ap]jcar to be rotating [ibout the geographical poles in a 
j>eriod of about 900 years. In addition to tliese jw:iiParities, it 
must \}e added that the dip needle show's the existence of local mag¬ 
netic poles, one of wliieh has recently been found by Dr. Batier^a 
party at Treadwell Point* iLlaska. At sauch a place the direction of 
the needle undergoes rapid diange as it is moved about (iie IcKrUil 
pole. 

The dip needle, m we have seen, is fn-jc to move in a vertical 
plane* The compohS needle move^ in n horizontjil plane. In general, 
it tend^ to point toward the mngneLlc pide* ami as thm does not 
corresspond with the geographical pole, there are not many places on 
the earth’s surface where the needle jndicatcH true north and south. 
Local pecnliaritias, such as deposits of iron ore^, also affect its direc¬ 
tion very materially. Thus a variation chart, which indicates the 
deviation of the compass needle from geographical north, affords an 
excellent illiiBtration of the irregularities of terrestrial magnetism. 
The necessity for fm^uent and ttccurate s^irvcys of the earth's mag¬ 
netic field is illu^rated by die fact that the has found errors 

of S'" or 6® in the variation charts of the Pacific and Indian Oceans. 

In view of the earth's heterogeneatia structure, which is sullkiently 
illufitratcvl by its topogniphira] features* marked dcvbliom from Use 
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uniform magn&tit.* pr'>pcrtit!8 of a mn^etizttl steel sphere are noi At 
all surprising. The phenomenon of the secular variation, or the 
rotation of the magnetic poles about the geographical poles, is one 
of the peculiDrities to wand the golulion of wbicli both theory and 
experiment ^oiild be directed. 

Possitig over other remarkable phenomena of terrestrial mag¬ 
netism, we come to magnetic storms and aurara';, which are aimcj&t 
certainly of solar origin. 

Here is a photogriipVi of part of the sun, as it appears in the tele- 
scope (fig. S).‘ Scattered over itssurfnee are sun spots, which increase 
and decrease in number in a period of about 11.3 years. It is well 
known that a curve, showing the number of spots on the sun, is closely 
similar to a curve representing tlie variations of intenaty of the 
earth’s magnetism. Tlie time of maximum sun spots eoirespotitla 
with that of redueenl intensity of the earth’s magnetism, and the 
pnmlleUsm of the two curves is too dose to be the result of aocidenl, 
tVe may tlicrcEoru conclude that there is some connection between the 
spotted area of the siin and the magnetic field of the earth. 

W© aliall comndcr a little later the nature of sun spots, but for the 
present we may regard tiiem Bimply as solar Borina. liVhen spots are 
numcronB the entire snn is disturbed, and eruptive phenomena, far 
tnm^enditig our tiHist violent volranie outbursts, are frequently 
visible. In the atmosphere of the sun, gaseous prominences rise to 
great heights. Tliis one, renching an elevation of 05,000 miles, is 
of the quiescent type, which changes gradimlly in form and is abun¬ 
dant I v found at all phases of the sun’s activity. But such eruptioiia 
as the one of March ^5, 185)5, photographed with the spectnthelio- 
graph of the Kenwood Obsematory, arc clearly of an explosive na¬ 
ture. As these photographs show, it shot upward through a distance 
of 140,000 miles in 24 minutes, after which it faded away. 

When great and rapidly changing spots, usually accompanied by 
eruptive prominences, are ubserved on the sun, brilliant displays of 
the aurora (fig. 6) and violent magnetic storms are often reported. 
Tlip magnetic needle, wbich would record a mnooth straight line on 
the photographic flJui if it were at rest, trembles and vibrates, draw¬ 
ing a broken and Irregular curve. Simultaneously, the aurora flashes 
and pulsates, souietimes lighting up the northern sky with the most 
brilliant display of reil and green discharges. 

Birkeland and Stormer have worked out a theory which accounts 
in a very aatiEfactory way for these phenomena. TIj^ suppOEe that 
electrified particles, shot out from the sun with great velocity, are 
drawn in toward the earth’s magnetic poles along the lines of force. 
Striking the rarified gases of the upper atmosphere, they illuminate 

< Fi«k. 3. 4, Jiaa a rKprcMDt tb? sioh rtrsioa qI ibe aua, ptioioanplscd at ncccHiTcir 
t^igfier lETtlc. 
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them, just as the electric discharge lights up a Tacutitu tube, Ttiere 
is reason to helieve that the highest part of the earth’s atmosphere 
consists of mriSed hydrogen, while mtrpgen predominates at a 
lower level. Sonic of the electrons from the bud are aljsorbed in 
the hydrogen, above a height of 00 miles. Others reach the lower- 
lying nitrogen, and descend to levels from 30 to 40 miles above the 
earth’s surface. Certain atili more penetrating rays Hometimea reach 
an altitude of 2S miles, the lowest hitherto found for the aurora. 
The passage through the atmosphere of the elertroiis which caus* 
Lha aurom also gives rise to the irregular ilistiirhaiifcs of the mag¬ 
netic needle obseiaed during magnetic storms. 

The outflow of electrons from the sou never censes, if we may 
reason from the fact I hat the night sky is at all timen feebly illuml- 
nuted by the characteristic light of the aurora. But when sun spot^i 
are ntiineroiis, the discharge of electrons is most violent, thiw es- 
plaining the frequency of hrUliant auroras and intciise magnetic 
storms during sun-spot maxima. It should be remarked that tlic 
discharge of electrons does nol necessarily occur from the spots 
themselves, but rather from the eruptive regions surrounding them. 

Our acquaintance with vacuum-tube dUchargCii dates from an early 
period, but accurate knowletige of these phenomena may he said to 
begin with the work of Sir William Crookes in 18TC. A glass tube, 
fitted with electrodes, and filled with any gas, is exhausted with a 
suitable pump until the pressure within it is very low, ITlien a high- 
voltage discharge is passed through the tube, a stream of negatiiely 
charged particles is shot out from the cathode, or negative pole, wilii 
great velocity. These electrons. Ijomharding the molecules of the 
gas a'ithin the tube, produce a hrillant illumination, the character of 
which depends upon the nature of the gOfs. Tlie rare hydrogen gas 
in the upper atmosphere of the earth, when bombarded by electrons 
from the sun, glows like the liydrogcn in this tube. Xitrogen, which 
is characteristic of a lower level, &hiiias with the light which coja be 
duplicated here. 

But it may bo remarked that this explanation of the aurora ia 
only hypothetical, in iho absence of direct evidence of the emission 
of Ldectrons by the sun. However, we do know that hot bodies emit 
electrons. Here is a carbon filament in an exhansted bulb. WTien 
heated while hot a Btream of electrons passea olT. h'niling upon this 
electrode the electrons discharge the electroscope with which it is 
connected. Everyone who has to discard old incandescent lamps 
is familiar with the result of thm putllow. Tha blackening of the 
hulba is due to finely divided carbon carried away by the electPonB 
and deposited upon the glosa. 

Now, we know that great quantities of carbon in a vaporous state 
exist in the ann and that many other substances also present therts 
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^mii in ilit? hanit wuy, lie nee wi5 may infer that electron^i 

are abundant m the sobr atmosphere. 

The temperature of the tmii is between <1,000® and 7,000^ twice 

liigli as we am nhtuin by iiriifilial meniiif. Under solar condi¬ 
tions, the velocity of the cl^H.Trons emitted in regions where the pres- 
i^ure h not too great may lie sufficient to carry them to the earih* 
■Vrrheniiis holds that the electrons attach themselves to molet^nlo; nr 
gToit|js of muleciiles and are then driven to the earth by light 

presi5iin?. 

Ill regions of the fenn we have strong evidence of the 

esiKlence of free electronic Thw leads us to tlie que^ion of solar 
magnetism and suggests a compnrLson of the very dilferctit eondi- 
tioti-H in the mu and eartlL Much alike in ehemkal composition^ these 
IjodicB diller principally in ske, in density, and In tein|>erature. Tlie 
diameter of the wiin is more tlian 100 times that of the earth, while 
its density k only one-quarter m great* But the most striking point 
of difference is the high temi^evature of the siin, which is much 
more than siilRoient to vaporiJ^e all known 3 Lib$tancea« This means 
thsit no permanent magnctkin, such as is exhibited by a ^fted magnet 
nr a lodestone^ can exist in tlie -viiti. For if w e bring this steel magnet 
to a red he^it it loses its magnetism and drops the iron bar w^hich it 
previously supported* Hence, while soitie theories attrLbute ter¬ 
restrial magnetism to the presence wdthin tlie earth of permanent 
magnets, no such theory ean apply to the bun. If nuignetic phe¬ 
nomena an? tfi be found there tliey must resolt from other causes* 

The familiar case of the helix illustrates how a magnetic field is 
produced hy an electric current flovvitig tlirough a coil of wire* But 
fUTortling to the modern theory, an electric current is a stream of 
electrons, Tims a stream of electrons in the sun should give rise to a 
magnetic field. If the electrons were whirled in a powerful vortex, 
resembling our tornadoes or waterspouts, the analogy with the wire 
helix would tte eiactj and the magnetic field might be sufficiently 
in tense to ho delecte<l hy spectroscopic ob^rvationij, 

A sun spof* as seen with a telescope or photographed in the onfi- 
nary waj^ does n^iti ap[jear to he a vortex- If we examine the solar 
atmosphere obive aud about the spots, we fine! exteuaive clouds- of 
InminouH calcium vapiii-^ invkibk to the eye. but easily photographed 
with the specirofieliograph by admitting no light to the sensitive 
plate except that rudiate<l hy calcium vapor* These calcium fiocculi 
(fig. I), like the cumultis clouds of the eaitha atmosphere,, exhibit no 
well-defined linear structure. But if we photograph the sam with the 
red light of hydrogen, we find a very different condition of affairs 
{ fig. 5). In thk higher region of the sokr atmosphere, first photo- 
grnphed on ftfoiint Wilson in 1908, cyclunk whirls, rentering in siin 
spots, are dearly shown* 
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TJib idea IhaL smii spuLs may be solar tomadtteii, wbich was strongly 
Mtiggr.sied by such pbrnogritph^, soon received striking confinuation. 
A great cloiid of hydrogitn, wliicb had Iniiig for Severn 1 daya on the 
edgi' of one nf thew vortex stnicturcs. was Biidiktiiy swept into the. 
^>ot ill a velocity of about W miles per second. More recently 
rilociim has pboto^aphed at the Verktw Observatory a promtnetice at 
the edge of the sun, ttowing into n spot with a somewhat lower 
wlocity. 

Tims we were led to the hypothesis that sun spots are closely 
anulogons to tornadoes or watersjjouts in the earth's atmosphert' 
(fig, (), If this were true, electrons caught and whirled in the spot 
vorlcts sliould jmslijce u magnetic field. Fortunately, this could be 
pul tit ti conclusive test through tlie well-known inllucnce of mag- 
nctL^m on light discovered by Zeeman In ISOO, 

In Zeeniun's experiment a flame cuiitaitiing sodium vapor was 
placet] between the poles of a ptjwerful electromagnet. The two 
yellow Bodiiim lines, observed with a spectroscope of high dispersion, 
were seen to witlen the instant a magnetic field was produced by pass* 
ing a current through the coils of the magnet. It was suiuiequently 
fount! tliat inost of the lines of the spectrum, which are single 
Under ordinary conditions, are split into three compioncuts when the 
radiating source is in a sulficicntly intense magnetic field. This 
is Uia rise when the utecrv'alion is made at right angles to the lii^ 
of fnree, MHien looking along the lines of force, tlic central line 
of such a triplet disappears (fig. 8), and the light of the two .dde com- 
poiientB is found to be circularly polari^c^l in upposito direcAioas, 
With suitable polarkUig apparatus, either component of such a line 
con be out oil at will, leaving the other unchanged. Furtlieriiiore, ti 
double lino having these eliamclcristic properties can he iiroducvnl 
only by a magnetic field. Thus it becomes a si in pie matter to detect 
a limnetic field at any distance by ohservEug its effect on light 
emitted within the field! If a sun spot is an electric vortex, and the 
ohajj-ver is supposetl to look along the axis of the whirling vapor, 
which would correspond with the direction of the lines of force, he 
should find the spectrum lines double, and be able tci cut off either 
component wiili the paltiriising attachment of his speclroKope. 

! applied this test to sun spots on Mount Wilson in June, ltlO&, 
willi the hO-fiKd tower telescoi>e, and at once found all of the char¬ 
acteristic features of the Zeeman el!«t. Most of the liuea of the 
sun-spot ^ecLftirn are merely widened by the magnetic field, but 
others are split into separate components (fig. 0), which can be 
cut off at will by the observer. Moreover, tba opportune foriimtion 
of two large spots, which ap[>eufed on the spectroheliograph plates 
to be rotating in opposite directimis (fig. iO), yiennitted u stUl more 
exacting esperiniont to be tried. In the laboratory, where the polar- 
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iziD^ nppanttiLS is »■ ddjustetl »» to transmit tHi« component of a 
line <loilbIi;t] l>jr » magnetic fie)<L this disappeari^ iint] Is re plowed by 
tlte other component when the direction of tlie current is revcrsetL 
In other tv’onls. one component is visible alone when the obser%‘er 
looks toward tlie nortli pole of the magnet, white the other appears 
alone when he looks toward tlw south pole. If elections of the ^^on 1 e 
kind are rotating in opposite directions in two sun-spot vortexes, the 
observer should be looldng townrel a north pole in one spot and to¬ 
ward a soiitli pole in the other, lienee the oppt^te coniponenb, of 
a tiingiietic double line should appear in tw'o such spots. As our 
photographs show, the result of the test was in harmony with my 
rinticlpiitinn. 

T may not pause to describe the later developments of this investi' 
gut ion, thongli twm or three pO'lnts must be mentioned. The intensity 
of the magnetic field in sun spots is sometimes us high as 4,500 
gausses, or 0,000 times tlm intensity of the earth's field. In 
pa&iing iipwonl from the sun’s surface the magnetic intensity de- 
(Tcosoji very rapidly—so rapidly, in fact as to suggest the exli,tunco 
of un opjMsiiig field. It la ptohuble tliat the vortex which produces 
the observed field is not the one that ap|>ears on Ollr photograph, but 
lies at a lower level. In fact, the vortex structure htmwn on speetro- 
lieliogruph plates may represent the effect rather than the cause of 
the sun-spot field. We may have, as Brester and Deslandr^ siiggcist, 
i condition niuilogout to lltut illustrated in the aurora: Electrons, 
fulling in the solar atmosphere, move along the lines of for(% of the 
magnetic field into spots. In this way we may perhaps account for 
the atrnctare surrounding pairs of spote, of opposite polarity, which 
constitute the typical sun-spot group. The resemblance of the struc¬ 
ture near these two bipolar gremps to the tines of force about ii bar 
magnet Ls very striking, esjiecially when the distiirlied condition of 
the solar atnicifiphere, which tends to mask the effect, is borne in 
mind. It is not unlikelv that the bipolar group is due to a single 
vortex, of the hureeshoe type, such as we may see in water after 
every sweep of an oar. 

We thu,s Uave abundant evidence of the exktcneo on the mm of 
local magnetic fields of great intenmiy—fields so extensive that tlie 
eartli is smalt in comparison with many of tlicnj. But how may we 
account for the copious supply of electrons iieede<l to generate the 
powerful currents required in such enormous electromagnets! Xeu- 
ttal molecules, p<@tuiatGd in theories of the earth’s field, will not 
suffire. A marked preponderance of electrons of one sign is clearly 
indicatcil. 

An interesting experiment, due to Harker, will help ns here. 
Imagine a pair of carbon ixxls insulated within a furnace heated to 
a tcinperatune of two or three tlioitsand degrees. The outer ends of 
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tlie rods projecting fiom the (tinm™ ure formeeted toa gnlyanometer. 
Harker foimtl that when one of the rarboti terminals within the fur- 
UBCe was cooler than the other a atnmm of negative electrons flowed 
toward it from the hotter electrode. Eiun at atmospheric! pressure 
currents of several rtnijwrcs wore produced in this wut/ 

t)ur Spectroscsopic investigations, interpreted hy laboratorv experl- 
metits, aru in iiarmony with those of Fowler in proving that sun 
arc iiompanitivoly cool regions in the solor atmosphere. They 
are hot enough, it is true, to volatilize such refractory eleinents as 
titaaiiim. but cool enough to permit the formation of certain cnni- 
fjounds not found elsewhere in tliu smn. neiiw, ftnni Harkcr’s ex- 
iwrimcnt, we miiv e.vpwt a flow of negative electrons toward sjiotii. 
These, caught and whirled in the vortes. would eo-sily account for 
the observcil magnetic fie Eds. 

Tlio conditions existing in sun spots are thus without any close 
parallel among the natural phcnnroetia of the eiiCtli. The snn-ifpol 
vortes is not unlike a tttrrestial tornado, on a vast scale, hot if the 
whirl of ions in a tornado piwluceit n magnetic field, it is too feeble 
to be readily detected. Thuij, while we have demnnstrated the ex¬ 
istence of solar magnelurm, it is confined to limited areas. We must 
look ftirtlier if we would throw new Light on the theory of the mag' 
netic properties of rotating bodies. 

Tills letuls us to the question with w'hich we Etaried: Ts the sum 
a magnet like the earth I The strueture of the corona, a.<s revealed at 
total eclipses, points strongly in this direction. Remembering the 
lines of force of our magnetized steel sphere, we can not fail to be 
struck by their cloee resemblance to the polar streamers in these 
lieinitiful photographs of the corona (fig. 11) taken by Lick Ob^rvn- 
torv' eclipse parties, for which I am indebted to Prof. Campbell. 
Billow, hi 18S9, investigated this coronal structure and showed that 
it is A'ery similar to the lines of forte of a spherical magnet. ^Jt^rmer, 
gnideti bv bis own rfewarches on the aimira. has calcubted the tra¬ 
jectories of electrons moving out from the sun under the infiuenoe 
of a general magnetic field and compared diese trajectories with the 
coroiiol streamers. The resemblance k apparently too close to be the 
result of chance. Finally, Deslandres has investigated the forms and 
of solar pronhnentss, which he finds to behave as they would 
in a magnetic field of intensity about one-mil M onth that of the earth. 
Wo may thus infer the existence of a general solar magnetic field. 
But sinw the sign of the charge of the outflowing electrons is not 
certainly knoAvii, we can not determine the polarity of the sun in 
ihb Wttv. Furthermore, our present uticerUinty as to the propor¬ 
tion at different levels of positive and negative electrons and of the 
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perturbAtion^ due to currents ia tbe jinlar uitnosphere must delay tbe 
tiiugt cffertivt* application of these taethodstt thnugh they promi^^ 
much ftiture kmiwlcdge of the itiHgnetic field at high levels in the 
solar atJtioephero. 

Of the field at low levels, however, they may tell us little or noth¬ 
ing, for the distribution of the eleetrons may easily be such n? to 
give riise to n field csnsed by the rotation of the solar atmosphere, 
which may oppose in sign the field due to the rotation of the body of 
the son. To detect tliisi latter field, the magnetie field of the sun as 
distininiLshed from that of the sun’a atmosphere, w© must resort to 
the method employed in the case of sun spobr—the study of the 
Zeeman effwL If this is successful it will not only show beyond 
doubt whether tJie sun is a magnet; it wDl also permit the pofarity 
of the s(m tube compared with tlmt of the earth, gives a measure of 
the strength of the field tit ilifierent latitudes and indicate ths sign 
of the charge that a rotating sphere must possess if it is to produoTa 
similar field. 

I fir^ endeavored to apply tliia test with the GQ,fi>ut Lower ide- 
scope in ISOB, hilt the jesiilta were too nncortaiii to command cou- 
fidenre. 


Thanks to additional appropriations from the Carnegie Institute 
of Washington, a new and powerful instrument was available on 
Mount Wilson for a continiiation of thr investigation in Janugr?, 
!t>I-h The new tower telescope has a focal lengtli of i.no feet {fig 
12). To prevent vibration in the wind, tho cmlostnt, second mirror, 
and object glass are carried by a skeleton tower, each vertical and 
diagonal member of which is inclosed within the corresponding 
menilier of an outer skeleton tower, which also carries a dome to 
tJiield tho instriiment'j from the weather. In tlie photograph we 
see only the hollow members of the outer tower. But within each 
of them, well separated from possible contact, a sectional view would 
ahow the similar but more slender memticra of the tower that .suji. 
port tin: instruments. The plan has proved to be successful, tjer- 

mitting observattons dfimunditig the greatest steadiness of the solar 
uwjipv to be made. 

The aimiigenieiiLs are similar to those of the tSO-foot tower. The 
wlar imago. IGI ineJies in diameter, falls on ihe slit of a spectro- 
grapb (fig. 18} in the observation house at the ground loveL The 
I.pwti^aph. of T't feet focal length, enjoys the advantage of great 
^ability and constancy of temperature in iCa siibterreinean vault 
bwitoih the tower In the third order spectrum, used fur this in- 
vestigation, the D lines of the solar spectrum are 29 millimetere 
resolving power of the excellent Michelson grating U 
Mfliciem to show fS lines of the iodine absorption spectrum inthm 
space between tlie D a. Thus the instruments are well suited for 
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the eXJirting rcq!iin^nit»iitir of a JiffictiU imej+tigalioiu For it mitit 
be borne in mind that the pitibletn Li veiy diifereut from tliat of 
detecting the laagnetic fields in snn spots, where the sepamtion of 
the lines is froin 50 to 100 times great os we may expeci to 
find here. Tims the aim’s general field can produce no actual aepara- 
lion of the lines. But it maj eattse a very sliglil widening, which 
should appear af^ a dlaplaceinent when suitable [>okrizing ap[>aratiis 
is used. Thi-^ so amuigeil n>- to diyide the spectrum longituili- 
nally into nuirow^ strips. The coinponent toward tlio red cud of 
the apectrum of a line widened by magnetism sdionld appear in one 
stripT tjie other component in tlie nead ^rip. Hence, if the snn ban 
a nutgiietie field of ^ifficicnt streiigtli^ the line should have a dentated 
appearance. The btuaH relative diaplaremcnts of the lines on sue- 
cejedve strips, when measureil umlcr a micioseope, should give tlie 
etrength of the magnetic field. 

The above remarks op ply ^^trictly to the case when the observer h 
looking directly along the lines of force. At other angles neither 
component is completely cut off, and the magnitude of the diaplace- 
mmit will then depend upon two things: The strength of the mag- 
lie Lie field and the angle l^tween the line of sight and the lini^ of 
force* AfisfUtning that the iines of force of the mn correspond Avitii 
those of fl magnetlsEed sphere^ and also tliat the magnetic poles coin¬ 
cide with the poles of rotation* it h po^ble to calculate what the 
relative disrplacement slioutd be at different st>iar latitudes* These 
theoretical dtqilacemenls are shown griiphically by the sine curve on 
the screen (fig. 14). 

We iiee froln the curve that the greatest displacements should be 
found at 45"^ nortli and aoiith latitude, and that from these points 
tliey should decrease toward jsero at the equator and the poles. Fur¬ 
thermore, tlie curve allows that we may apply the same crucial teat 
used in the case uf srun sjxtis; the direction of the displac:citienh3T 
toward red or violet* should be reversed in the northern and southern 
hemispheres, 

I shall not trouble you with the details of the hundreds of photo¬ 
graphs and the thousands of ifieoaiires which have been luade by my 
colleagues and m}^lf during the past year* In view of the diffuse 
character of the solar lines under such high dispersion and the 
ceding!V small displacements observedj the iresiilts must l>e given 
with some re^rve, though they appear to leave no doubt as to tlic 
reality of the effect. Observations in the second order spectrum 
failed to give sadsfactury iudicationB of the field. But with the 
higher dispersion of the third order 11 itiiluT«iident dctcrmlfiatio^* 
made with every possible precaution to eliminate bm, show opposte 
diaptacernents m the northern and southern hemlkpherea decreasing 
in magnitude from about 45* north and south latitude to the equator. 
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Thriifi of Lhe^c determinations were pushed as dose lo the poles as 
conditions would penoU, und the otjeerved displacements may be 
com part'd witli the theoretical curve (fig. 14), In view of tli* very 
Fiuail mngnitndG of the displacements, which never surpass 0.002 
Angstreims, the agreement is quite as satisfactory as one could expect 
for n first approximation. 

The full details of the Investigation arc given in a paper recentty 
pnblhiherl.^ The reader will find an account of the precautions taken 
to eliminate error, and, 1 trust, no tendency to underestimate the 
possible adverse bearing of certain negative results. It muAi remain 
for the future to confirui or tn overthrow the apparently strong 
evidence In favor of the existence of a true Zeeman effect, due to tJie 
gi'neral magnetic £c]i] of the sun. If this evidenee can be accepted, 
we may draw certain conclusions of present interest. 

Taking the meanures at their face value, they indicate that the 
tiurth magnetic pole of the sun lies at or near tlie north pole of rota¬ 
tion, while the south magnetic pole lies at or near the south pole of 
rotation. In other words, if a compas:<i needle could witlistand tlic 
solar tepiiierutiire, it would point approximately as it doe* on the 
earth, since the polarity of the two bfidies appears to be the same. 
Thus, since the earth and sun rotate in the same direction, a negative 
charge dLstrlimted through their ma.ss would accoimt in each ease 
for the observed magnetic polarity, 

Afi for the strength of the stints field, only three preUminary deter- 
minatiuns huve yet been made, with oh many different lines. Disre- 
gartling the systematic error of measurement, which is still very 
uncertam, these iniUeate that the field strength at the sun's poles is 
of the order of SO gausiies (about SO times that of the earth). 

.Schuster, assuming the magnetic fields of the earth and siin to be 
duo to their rotation, found that the strength of the sun’s field should 
he WO times that of the earth, or 5fl4 gausses. This was on the sup¬ 
position that the field strength of a rotating body is proportional to 
the product of the radius and the maximum linear velocity of rota¬ 
tion, but neglected the density. Before inquiring why the observed 
and theoretical values differ, we may glajire at the two most prom¬ 
ising hypotheses that liave been advanced in support of the view 
that every large rotating body is a magnet. 

On account of tlieir greater moss, the positive electrons of the 
neutral molecules within the earth may perhaps be more powerful!? 
attracted by graviiatiou than the negative electrons. In tliis cias'e 
the negative cliar^ of each molecule should be a little farther from 
(be center of the earth than the positive charge. The average linear 
velocity of the negative charge would thus be a little greater and 
the magnetizing effect due to its motion would slightly exceed* that 
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due to the motion of the positive chorge. Bv ftssumiDg a scpftretion 
of the chorgos equal to about four-tenths the rfidius of a inaleoiilo 
(Baner)> the ^•nimotricnl part of the earth’s magnetb field could 
lie accounted fo'r ns the result of the axial rotation. 

This theory^ first suggested by Thomson, has been den-loped by 
Sutherland. Schuster, and Bauer. But lis yet it has yieUeil no es- 
plnnatioii of the secular variation of the earth^s magnetism, and the 
merits of other tlieories must not bo overlooked. 

Chief among these is the theory that rests on the very priibiible 
assumption tbot every molecule is & magnet. If the magnetism is 
accountetl for es the effect of the rapid revolution of elwlrons within 
the inolecuto. a gyrostatic action might bo anticipatctl. That ia, each 
molecule would tend to set itself with its axis pnmilel to the nxia of 
the earth, just as tlie gyrostatic compass, now coming into use nt sea, 
tends to point to the geographical pole. The host of molecular mag- 
nct.«. all acting together, might account forth® earth's mtignetic field. 

This tlieory, in its turn, is not free from obvious points of weak¬ 
ness, though tJiev may disappear as the result of more extended in- 
ve^gation. Its chief advantage lies in the possibility that it may 
explain tlie secular variation of the earth’s magnetism by a precea- 
sionnl motion of the magnetic molecules. 

On either hypotheBis, it is ossumetl, in the absence of knowlciige 
to the contrary, that every molecule contributes to tlie production of 
the magnetic field. Thus the density of the ratating body may prove 
to be a factor. Perhaps the change of density from the surface to the 
Center of the sun must also be taken into nccoviiit. But the obserra- 
iional results already obtained suggest that the pbenomena of ionirji- 
tion in the solar utmospherp may turn out to be the predominant in- 
fiuenee. 

The lines which show the Zeeman effect originate at n compani- 
tively low level in the solar atmosphere. Prelim inn ry measures indi¬ 
cate that certain lines of titanium, which are widely separatefl by a 
magnetic field in the laboratory, are not appreciably affected in the 
stin. As these lines represent a somewhat higher level, it is proiinble 
that the strength of the sun s field decreases very rapidly in passing 
upward froni the surface of the photosphere—a conclusion in har¬ 
mony with results obtained from the study of the corona and prom¬ 
inences. Thus it may be found that the distribution of the eiei*troas 
is such »s to give rise to the obeierved field or to produce s field oppos¬ 
ing that causerl by the rototion of the body of the .sun. It is evident 
that speculation jdong t hese lines may advantageously await the nc- 
ciimulatioD of ol@ervations covering a wide range of level. Beneath 
the photosphere, where the pressure is high, we may conclude from 
recent electric furnace experiments by King that free electrons, 
though relatively few, may nevertheless play some part in the pro¬ 
duction of the general magnetic field. 
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Ill thla survey of mu^etic; plictiotnena we liave kept cotwtantJy t» 
miDd the iiypotheidii that the niAgnetism of Uie earth Is due to ite 
rotation. Pernument tnagneta, formerly Bupposed to actoimt for 
the ear til’s magnetie field, could not exist at the high temperature 
of the sun. Displays of the aurora, usually occompuiiied by mag¬ 
netic storms, are plausibly attributed to electrons reaching the earth 
from tlie sun, and lUutoinating the rare gases of the upper atmo& 
phene just as they afiTeci those in a vacuum tube. Definite proof of 
the existence of free electrons ia the sun is afforded by the discovery 
of powerful local magnetic fields in sun spots, wliere the magnetic 
intensity is stwnetimes as great as nine tJiousand times that of the 
enrth^s field. These local fields probably regult from the rapid revo- 
lutton in a vortex of negative electrons, flowing toward die cooler 
^t from die hotter region outside, The same method of observa¬ 
tion now indicatea that the whole sun is a magnet, of the gamo 
polarity as the earth. Because of the high solar temperature, this 
inagnetism may be ascribed to the sun's axial rotation.' It is not 
improbable that the earth’s aiagnetUtn also results from its rotation, 
and that otlier rotating celestial bodies, sucli us stats ami nebula, 
niay ultimately be found to poseur magnetic properties. Thus, while 
die pi^nce of free electrons in the sun prevents our acceptanca of 
the evidence as a proof that every largo rotating body is a magnet, 
the re®ilts of the investigation are not oppmed to this hypothesis, 
which may be t«t^ futdier by the study of other stars of known 
diameter and velocity of rotation. 


'■n* allWiuillw* u^wthnli. tlMi Uia ■Iin * h ear ts lb« 

at am Ilslit impiuboau, ntaa wnvtdijrttlmL ^ 






THE REACTION OF THE PLANETS UPON THE SUN.‘ 


Bj IK PiTieKiri * 

Mtmlfer 0/ thf IrwtiUatVr AMtronom^r at Pffrif 


Tlie popular preconception that the earths vrlih the sun rotatitig 
about it, was the center of the univerBc, was overcome only tl^mgh 
the per^stcnt efforts of aMronomers and physicLsta, We will not 
here review these memorable diseusaions, but will note merely the 
result. Everyone capable of connected and geometncal reasoning 
will become convinced that the pi^ition of the earth, face to faeo 
with the siin* ia that of a humble satellite, and tluit our globe, forced 
to escort our daytime star in its mysterious course tlirongh space^ 
receives from this star its law of annual movement and at the same 
time its indis^pensnble ration of heat and light* 

Going frcFin one extreme to another, the snn was believed to be 
independent of the relatively minute planets which it carries along 
with itself. It seemed that a aetitiomi observer, placed at its center 
Of on its surface* would have no oceasiDn to suspect tiie cxiistence of 
other celestjiil bodies* Further protected agaim^t any perceptihio 
action from the star^ by tlieir immense dbftance* the sun mu^ft lan^ 
its spieJidor^ with no pay in returUf and follow unperturbed its 
□ndeviated path through apace. 

Titn INFLiUX^ClE ov TIIF- I'I±ASRTfl ON TBK JIOmON OF T.H^ SUN* 

This condufiion was in s*onie resfp^cts too raclif^aU An awoiint of 
this matter eotild be rendered only when the penetrating genitih of 
Newton showed that the cuired trajectory of a projectile, the revo¬ 
lution of the moon about the earth, and the revolution of the earlii 
arounrl the sun were three manifestatifins of the same law.. This 
law holds everywhere. Further, it is not a special privilege of the 
center of any system. TIw bond exists, real though alight, between 
any two particles whatever, Tlie sun, ss well as the humblest 
planet, becmise of this bond, must undergo periodic variations in its 
speed as well as in its shape. 

‘ t,MturF d 2 li¥iiKd Bt It* Cow«rT.nan- <!*• Aria tt U«tl<r», F«h- 33. I>t3. 
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Have we tOHlfty at pur dupoail suHiciently dellciito means of oljser- 
vations to detwfc tb^ cliang«aif In Xewton's time such muana wera 
probably lacking. Tlio qapric«i of oiir atmosphere furnished a readv 
esplftnation of the appait-nt fliicttmtiftnB in solar railiatinn. Tlio 
spots had been observed on the sim's disk, someiimea few, sometimes 
many, blit no law had been nssigned to them. Further, tlic tradi* 
tionnl fixity of the ronstellations led to the Iwlief that the sun main¬ 
tained fl complete immobility with reference to (Jie pf urs. 

Blit the problem plainly stated aroused new attempts at its un- 
ravoling. Bradley, a fellow eountrynmn and a disciple of Sewton, 
showed that much greater precision could Ih; obtained in tiie measures 
of the angular distances of the sUre iban had Wore been mdned. 

7 ^ “I ’VV. rierecbel could affirm that the wn- 

rtclJations do alter their form, and the best detennination of these 
may bo^explam^ hy attributing to the solar sj'stem a regular 
^ilinear motion. The ambition of astronomera, increamng with 

movement is not rigortmaly 
™ fonu, and even though shieldeii from the ai^ion of the stare, pa^; 
tribute to the universal attraction in periodic oscillations. 

It IS pretty siifc to pr^ict what will be the most marked of these 
fj^illations. It 16 not the center of the sun itei-lf which possesses 
Uie umforai i^ctilmear motion, but the center of graHtrof 

osciUatioo would 

V considered. Them is, however, a 

giant planet, Jupiter, wliow niasg exceeds that of ail of the otJier 

J! ^ one-thuusandth that of the 

.mu D^nhing ite orbit at the rate of P2 kilomctei^ ner s«oml 
Jupiter foi^ the son to rotate alumt an imaginary evnier with a 
iclooity a housed times less. This is appaixmllv o ver>^ small 
muoun , hut nm at all negligible with respect to the vel^itv of 
translation of the solar system, which is 20 kilometers twr sotLd 
Con^ently the speed of the solar ^stem toward n point TSt 
jonstellstion Hercules is sometimes accelerated, sometimes slowtd 
by one part m .me thou,™id in an interval of six ys.,^ ' 

ery few of the star^ are oeitr ij^ouerb to us for the nm-nll r a- 

p »J«ivc th. „„„ „„„ J 

of the sriri to be appreciable in six years. Conseouentlv tn mo 
tif precise astronomy. We mav be nrettv =itro i‘iZ J *1^ 

.!.r j..iJl th», ih. 

r 
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which we wish to detect iri the motioti of the buo, requires yearns to 
change sensibly the apparent poffliion of a star, it takes only & moment 
to alter the quality of its light. Whatever the distanco, the light 
waves will come to iw sometimes more frequently, sometiineslesSj tUerr 
path through a pri^ will consequently be found altered and the 
fine metallic lines of the spectrum recorded by a photograph will be 
dls-pliR-eil relatively to tho^e of a stationary source, such ns an eJec- 
trio spark lined for compari^n. 

Tiie earliest happy applicfitiong nf this principle were due to Hug¬ 
gins and to Vogel. It was used to separate mvmcrous douhle stuni 
composed of pairs of suns so dose to each other and so distant from 
us that eadi pair appeared as a single star. But the brightness of 
each was snflicient to record a spectrum and the relaii^^ velocities 
were sufficiently variable so that two spectrum lines of the ^iamo 
ihemical origin separated periodically. Subsequently another riass, 
'yet greater in number, wits found in which the spectrum lines were 
imt doubled, but showed a periodic c^illation. In this case we may 
puppt^e that one of the two stars, while not bright enough to reg¬ 
ister ita spectnim, is yet he^yj enough to «way its associate, Tlie 
peri^Kl is usually several weeks or days. The displncementa of tho 
line? correspond to velocities of the same order a a those of the 
planct^t froTu 10 to 100 kilotnetors per second. Hei^ause of the ev- 
treind accuracy and care in ilie lu* of speetroscopc5u i^ertain as- 
Iroiioiucrg can now measure velocities to a fraction of a kilometer. 

The time will curne when pairs like the sun and Jupiter can be 
detected^ hovi^ever distant they may provided only that the prin¬ 
cipal star is bright enough to record its speertrnnu Campbell, who 
is the leader in this daaa of research, estimutes that on the average 
one ijtttr in three will l>e found sj^Gilrow^-opically double. It is very 
probable that even niora stars art double since we can sec no reason 
why n planet like Jupiter shotild be exctqjtiooaL We ruay predict 
that all stellar sfa^etra w'ill Ije found tlitis variable even after cor¬ 
recting for the orbital morenient of the eaiih. IVe mny then gather 
photographic evidence of the exiHtenve of planeis alioiit the as 
well as the periodic oscillation of our 3un due to Jupiter. The earth 
of course will produce a Bimilar effect only less in amplitude and 
period. But who would dare to put a limit to the skill of our opti¬ 
cians nr the patience of our astronomers in a path so definitely 
marked out? 

THE ri-vjCKTst AS THE cAi sT OF THE mi^\n. rvct^E* 

To find that we disturb the mn is of course sumetliing to elate ns. 
We will feel perhaps a more tangible satiiffactiou if we can find 
that WB cause changes in the aspet^t of its spirface* diKturbiiiUTs visi¬ 
ble by direct and not indirect evidence in tlic field of the microsetjpe. 

-9u imsi- u 
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IVe will now coositler a defomting action depcudont also on 
Newton's law but of a differential nature and consequently propor* 
tional to tbe invenie cube instead of tbv inverse «<[unre of the distance. 
This difference helps to compensate for the inferioritv of the mass 
of the earth with reference to the greater planets and gives it a chance 
for an honorable rank in this contest 

We have under oar eyes an eneouraging plienomenoti. Tlic attrac¬ 
tion at tbe surface of the earth due to the stm is but a small fraction 
compareti to the weight of u bialy here, end the yet feebler attraction 
due to the moon con not lighten a body by one one-Jnindrcd tboii' 
Handth part of its weight. Vet we see the moon esertiiig tbig power 
and indeed with three times more strength than Is felt from tho sun, in 
deforming our globe. This action i?an bo detected upon the atmos¬ 
phere, tlio oceans, and even the solid crust of the earth. 'Dje seas, 
however, are what render it most evident to our eyes. ITnder favor- 
aide conditions, for Instance, in the Hay of Mount St. Michel, on tlic 
French coast, we see tlie st?a following faitlifuUy lUc passage of the 
moon across the meridsn. Tlie sea's level changes at the flood some 
20 tuelers in a few hours, displacing the shoreline seveiu.! kilometers. 
The work thus developotl, if we cotthl only jmt it to use economically, 
wottld be enougli to render useless all our oil wells and all tbe engines 
in tiie w'orld. 

Wo may find that no planet is as favorably situated to trouble Uio 
sim as the moon is the earth. But perhaps we should not be so ex¬ 
acting, Wq sw upon ihe sun no such liquid seas which might Iw 
made to extend or cuutract their domains. Tlio weight there to bp 
conquered is great, 2T times greater than heie. Despite tluit. we 
see chances that tho sun may react as actively, or even mute actively, 
than tho earth, under tlie action of a distant laidy. We are indeed 
led by several converging paths of ixusonitig to tliink timt the sur¬ 
face layers of the sun are to a great depth fonneil of extreuielv tenu¬ 
ous mobile matter, little subject to Uie action of weight and all 
rtaidy, wnscquentljt to obey iho lenfit force* 

A fir^t piece of evidence along this line is the development of spots, 
rents which seem to appear in the luminous red of the solar surface 
imchmg m a few days an extent of ten, twenty, or thirty thousand 
kilometers and disappearing witii ciual rapidity. In the spectrum 
««f these spots there is an increase b the number anil inun^tv of ihc 
aluiorption lumda, leading us to think thot various metalIh- molecule.-, 
of considerable atomic weight arc spoutetl out in torrents carriwl 
along by currents of the lighter hydrogen. ' 

More impressive yet is the appearance of protuberanre^-^douds 
wbeh ifrvelop and reman, at height, where they could not 


REACTTOK Ciy PLANETS l-PON SUN—PTnStt-X. 16S 

thun the di$k, thsT a specbl spoctruiii md during total f?cUp^ 
nr^ the principal source of light. "We ran now photograph thetn at 
anv time abfjut the edge of the disk bv on ingenious method devLsed 
in 1868 by Janssen and by Lockyer and Hince singularly perfected. 
On manj' occa.sion 3 we. have been assured by incontestable evidence 
ihat protnberftnrf!#! can mount in a few hours in the form of vertical 
jets, narrow at the base to prodigious lieightii—50,000 to 100,000 
kilometers or even more. Generally, however, before attaining such 
heights the protuberances expand into sheaves or stratified layers- 
At times they scein to be the scat of violent exptn^mns, are scattered, 
and disappear very quickly. The spectroscope j^hows ns that nil- 
ciiiio vapor, despite its atomic weight 40 times heavier than that ai 
hydrogen, rises verv^ high in the prntiilwranres- The displarcmente 
of tlse spectrum lines al^ furnish confirmation of the cnomntm 
velocities |100 kilntneters or more per s^ondl whirh the deforma- 
tioas of the oontonrw suggest 

Total eclipses, during which protnbcninccs first atlnicted alien- 
lion* arc even now the only occasions when we can see Hnotlier inter¬ 
esting phase of sol nr activity—the solar corona. Sometinii's^ it 
appears ns n halo somewhat equally distri hided around the disk, a I 
other times as gigantic streamers stretohing nut dLstonces several 
limes the diameter of the sun. The forms cjf these rays indicate that 
the matter of which they are composed shows no haste in falling 
back into the sim. This matter la evidently very sparse and lias very 
little absorptive action on light, fxjr, despite its irregular distrilndion, 
it caii^ no difference in the apt>earance of the various parts of tho 
disk. Its mobility musi lie very great wim^ in the interval of two 
or three years Iwtween cclipiises it^ structure completely changes, as 
onr photographs assure us. 

Spots, protnberanerciSt and romnu are hubjert to a great variaiion 
whScb takes pla^^e regularly about nine times in a t^iitijry* After a 
period when the sun's disk appears entirely imipacrdate, Hpnts re¬ 
appear in both lieniLspheres at latitudes from to 30'=’, then, always 
increasing! they invade the equatorial regions, becoming at the max¬ 
imum 20 times more numerous on the average than in a minimniii 
year. Then, m the decline cotnmenees, the numerical predomimmee, 
w hich the Korthem Hemisphere at first seemed to show, passes to the 
Southern Hemisphere. The spots fir??t dl^apiiear in the high lati¬ 
tudes and then diminii^h all over the sun. 

The protuberances pas^ through a similar cycle, except that dur¬ 
ing the period while their number increasi^y their mean latitude tends 
to increase in each hemisphere. Toward the epoch of spot maximum, 
and only then, it is not rare to see great protiiberanccb even near the 
pofes, where spots never appear. 
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The eorona duruig the same period always undergoes a definite 
evoltitiom Toward tlie epoch of sun-spot minimum the polar rays 
are fine and vertical like the bristles of u brush. The jets in the mid¬ 
dle and mean latitudes are much longer and bent toward the Eqnator. 
At the maximum period there is little iliffcrencc with the latitude. 
During the ininsition years the poles and ihe Equator are almost 
clear and the rays are developed only in the middle latittides. giving 
the whole a rectangular appcaraDoe. 

The more we reflect upon these facts the less are we led to regard 
the sun an n moriBrch, inaccessible, and shut up in a tower of ivory. 
It, like the earth, must have seaHona connected with the revolution of 


the plunet'f and tides connected with its own rotation. To sift out at 
least the more active of these external influences is a legitimate task, 
even though it is not an easy one. 

Firat, do we find one or several Ixsdies which could be held responsi¬ 
ble for a cycle of 11 years? The stsra seem to be l>evond considera¬ 
tion, sinee in that period there is na appreciable ghange in their 
linear or angular distuni^es. 

TVe could, as did flohn Herschel, blame one or several swarms of 
meteora, imagined for the purpose. Describing very eccentric orbits, 
they might graze the surface of tiic sun, cuiiiiing the spots. Suitably 
choosing their revolution periods, inclination*, eccentricities, and the 
distribution of the mattei' in their orhite, we could explain the 
phejiomeiion in all its details. We must confess that the permanenco 
of swarms of meteors put every 11 yeare to such a violent test does not 
K“cm probable, Tliere is no doubt that meteors fall into the sun in 
great numbenj. But we have no direct proof that ihb happens 
periodicully and so as to proclure visible eflecK Such proof we f«l 
tluit we must demand for this very supple and ecinvenienl hypothesig. 
As these swarms have not been detected, we must leave them and 
direct our investigations to the planets, 

inie most important of Uiese planets brings a coincidence at firet 
Sigh t very seductive Nearly eveiy li years Jupiter, in a determinate 
sense, crosses the plane of the solar eijmitor; also in every 11 years 
the mimerical p^ominance of the spots passes from the northern 
to the southern hemusphcrc- of the sun. Tlie same interval separates 
die return «f .1 up iter to ibi leii-st diatance from the sun and the return 
uf the Klin-spot nniiihers to their ejrtreme value. 

We must not hurry, tliough, to sing our vietorv. It ig not nn 
npproxiuittte concordance but a precise one which we sliould demand 

d,6n«l ll„ iocrlitud. i, t tW hiindiwllj^. Kil, 
century we have careful records of soot rnimh-..,. T ‘ 
So., i, 
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monttis Ijetween the perioda brings thorn from complete coincidence 
to an alkBolutc dbeordance. What now i-enishis of our hoped-for 
proof if the neitrost iipproach of the planet must j^metimes condition 
an increase of spots, i^inetimes their disappearance ? 

We may suppose that Jupiter's act ion ^ though preponderant^ is 
modified by a somewliat f»lowejr disiurbiug force which increases the 
interval between successive maxinia. But the atatisiic^ of the mim- 
ber and extent of tiie spots^ iLualyzed with the view of biidittg auch 
II lorcL\ assigns to it such a long period that we hav^e no duo to 
it&t originP A priori the most probable dbsturbing body TiVoiild seem 
to be Saturn. It muisi act in Ltio same sense as Jupiter^ although to 
less extent. The spot maxima or minima should be particularly pro- 
nouncetj when the two planets are in conjuaetion with the snn—-tliat 
isj every 20 years. Here again the evidence ifl ncgatii^. 

We get an even less favorable answer from the rest of the planets. 
Either their re volution periods aixj too short to render an account 
of an ll-year fluctiiatioii or their dUtances too gia^at for tiieir action 
to be sen.*iilde compared with that of ilupiter* 


fHC rl.,\SeT& A3 A OrsfTl RBINO ELKMCXT IX Tilt CrCLE. 


No planet, tlien^ or combination of planets seems to be ilie princi¬ 
pal cnii^ of the fy>lnr cycle, Wc may. however* supjKi^ ihwt this 
or that planet may for a Virlef time trouble the cycle by rendering 
the ilistribution of spots irrcgtilar in iongiriule. 

The sun rotates with reference to the fixed stare once in 2ri day?. 
The planets revolve aljont it in the laime direction, but more slowly. 
Therefore* to an tjbserver on tlie sun^ the socf^cssive ]mssages of a 
planet over his meridian occur in perioils fHr»mewhnt longer tlian fi-i 
tliiye, tending to approach this (sideral revoliiiion) as the planet a 
distance increases, Tliis is called tile H3mtxlical rotation. That cor¬ 
responding to the transit of die curth b 21^5 daps. 

Considering now the extreme mobility of the snlar surfacej we will 
see whether each pin net does not produce a tidal wave which pns^ 
over the aim's surface with the corresponding synodical rotation 
period and capable of protiueing visible distiirixmcesL 

According to the elementary law of Xewtori. the relative impor¬ 
tance of the tidal waves for the various planets is given by what we 
may call the deforming factor^ the product of tlie mass by the inverse 
cube of the dii^anei!. If we make ^he valuo of thhs factor unity for 
the eartlu the niean values for the planets are as follows: 


Merairy __ 1,0^ 

VeauB __ - _- 2.00 

Enrth __ 1.00 

MnfT*„.. _ .{10 


Jupiter _- 2,20 

fsnttim _ , ]06 

fruTiTiP ____ .oia 

--- .0!>l 
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We see thiit the mosi nrtive culueh* for a tidal wave liis in Jupiter, 
followed closely by Venufi. Mercury and tbe e&rih come next, the 
remaimng plBuet^ being louch less active. 

Although the earth cotnes only in the fourtli rank, we wUl con- 
sider it first because we are better situated for examining its effects* 
At each Instant we can consider the sun as divided into two equal 
liemispherts, one visible, the other not. The limiting meridian^ turn 
uniformly over the surface of the aun m 27*33 days, the j-ynodical 
period* 

Let ug fit^ suppose that the eartii has no physical influence on the 
developmeiit of the spots. The ratio belween the total aun-spoi 
areaHi in the two henuaphercs may happeti to have any value wliat- 
ever; but the mean value taken over a long period of time embrac¬ 
ing many bsynodical ro I at ions, say for a whole golar-spot cycle, should 
differ \‘ery little from unity* 

\\ e can not at any given moment count or measure the spots on 
the invisible hemisphere* Ent we can count the spom which appear 
<in the eastern border and eoinpare these witli those which disap- 
l>ear iii tliecorreaponding time Emit at the western border- The ratio 
of the two numbers wpuUl have a tendency to surpa^ unity if it is 
at a Lime of decrease in spois and to be les^ than unity i| In the in- 
cruaKing ptiiiae. But taken over a whole cycle, the mean value should 
differ very^ little from unity. 

Now, let us suppot^ that the earth does have a physical inffuencei 
for insl^ince, to tix our attention, that tlm prchienee of die earth above 
the iiorbson of some point on the sun favon^ the development of a 
rspot ut that point* As this develo]>fiHmt is eerbiinly not instunta- 
ueous, any more than is its dijaapjieui'ance, more spots will be born m 


th« visible heiiiwpbfre tbiin, in ihe opposite one. Consequently, more 
spoti will dijfflpiwiir over tbe wentem bonier ilmn appear at the 
eu.'lern. The inverse inequality will bo observeil, provided we obaerve 
over ii stifliciently long period, if die presanre of the earth eauses the 
ilieuppea ranee of spots. 

Infituad of Lompuring the etistem with the wentern border we eoald 
cemparn tlie two halves of the visible disk, the right with the left 
and the result would he equally detriaive. l^uctically, if the action 
uf Oic earth oil the soJiir surface is tea], the action will necesssaritv 
lake a certujd time to become nuinifeat. Considerable maasea must 
be moved, masses doubtless subject to interior frictiom It k ao rell, 
tive to terrestrial tides which nt any point of the earth suffer a 
variable retardation, hut always very marked with reference to the 
passage of the moon over the meridiun. I f the earth haa no influence 
the two lialves-the right and left-would, if eonsidered over a sulfi’ 
■■mm time, show the same m.mber and same area of spots. If the 
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Mrs. Mflondcr undertook id uus^cr this question, utiIking the 
photogniphs line to n cooperution of Knglish observe tones for the 
intennl 1680 to 1901, estendmg from one spot ntininium to the next. 
At the beginning and the end the sun seomed absolutely free from 
spots. In every instance the rare survivors vrjiidi eouli] be found at 
the beginning aud tlie end of the [wriod upon die visible liemisphere 
could not vitiate tlie conolUBioiia derived from all tiie obHervationa. 

The tub Its obtnined at Greetin'ich comprised— 

(1) The positions and areas of the groujis for eacii day. 

(2) The history, day by day, of each impoitant group; the areas 
arc expressed in millionths of the visible hemisphere and arc cor¬ 
rected for the etfect of perspeotii'c; tiie menu duration of a group w 
about six days; SiSTO groups were studied. 

Mrs. Maniuler dlvidal the visible hemuspiiei-e at each iiisitint into 
M vertical zoiiea. each 16.2° wide and (lumbcred in tiie inverse order 
of their appearance. For each ?.oiie and the entire peritxi the siim 
representing tlie area of the spots was made. These results were c^im- 
pared for Kones symmetrical to the central meridian. There was thus 
made luanjftwt ii systematic variation from two points of view: 

(1) Despite the perspective correction, there was a voustnnt pro¬ 
gression on each side in passing fi'om the limb to the i-entra! 7.oae, ns 
if the perspective correction had Ijcen insuflicient, 

(2) For each pair of zones there was a constant decrease in passing 
from the eastern to the corresponding wc.stam Jione. The same thing 
was noted when in a &imilnr manner the northern and .southern hem¬ 
ispheres were ti'eated scpandcly. 

Various rea^iis niake the meB.sures on the extreme zones less trust¬ 
worthy, but even if we omit ihem the same conclnaions result. If 
refraction in the solar atmosphere plays n part it would unduly eu- 
rich the extreme zones. Aceordingly, if a coriwtion L* made for it. 
it but increases the first iinomaiy. Neither anomaly can be dtic to 
errors of observation or raduction. 

If we do not like this process of treatment we need not depend 
upon the areas of the atads hut count simply the number of groups 
visible in each zone, omitting those of long life wliich necessarily 
appear in both luilveB, Here again, for all pairs of zone.'S the tasteni 
one shows u greater number than its corresponding western one. 

Ti\’c nest ask whether there is, either in the visible or in the invis¬ 
ible half, an habitunl and systematic excess in the number of H])ot 
birtlLs over deaths. priori, it seems as if it mu.st be so for one or 
the other hamisphere during the phase of increasing spots, but that 
tin piuilibrium must Iw estnhlished when a complete cycle ia t'Oii- 
sidetvd. 
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To llirow light on this point Mrs. Maunder associated on each 
half or the disk the two extremt- stones and compiired tlie number of 
pijupa of spots which had been seen in each of the two double cones. 
The predominance was clearly in the eastern pair. There are 
ihrmighout a cycle more spots seen near the eastern border, ntid 
wnscquently for the whole viaibU- hemisphere and whole cycle there 
IS an cseess of difiappearanees over appearances of spots. Tlui oppo- 
sile most hold on tlie invUiible heniisphen?^ since at the Lcjtinning 
and end of a cycle the sun is entirely free from spots. 

Xeglwting the extreme ^oncs, where the disappearances may he 
more subject to error, there was ohtniued for each stone the number 
of spots which were seen in it for the first time and the number seen 
in H for the InKt tirne* The folloiving result waij noted: 

As wc go from eicst to west, crossing the mible hemisphere, there 
js an alniftft constant dimintition in iho number of spot appcaranccB 
oTer a whole spot Cyxlc nnd as nearly constant and even greater autf^ 
mQntntitiii jn the number of dissipp^^runceg, 

mien we coini^™ two symmetrical regions of the disk, the number 
of births foimrl m one is gem-rally smaller than the number of dis- 
ap^aranccs m the corresponding region on the other side of the Cfio* 
inu uieridian. 

If wc were dealing only with numbers, the depaelures noted might 
U considered as resulting from a psychological muse. It ig 
ibal there is in un observer n certain, perhaps nnconscioti.s hminev? 
w-hich keeps him from recording new oppcDrantefl and pmlonging 
i-ld spot, unl^ aiisolutely neces..ary. It is id w ars more agreeable 
1o n-p..ter a disapiienmnre which simplifies work r.itlier an nprajiir- 
loiE^o H'lnrh augments it, ^ ^ 

Thus, when a new ^niall spot appears for iJio time there is 
a tern ency ,o mdiide it among those already noted rather tlian to 
regard it as cm advnm.^ guard or germ of a new gniup. If the first 

.mpre.-sion is then there results an unjustified rliminution of 

births lu tin? vi,«iible ht^niiaphctp., 

In a similar manner, if a small group approaches a more important 
group, oither by espan-stnu nr derivation, there will be u Eemlen- v 
not to rons^er it separately and to reuse counting it as soon L the 

rrl’Tbn "l r "r"’ AhtmH, We 

sphere disappearances to the visible hemi- 

noth these considerations lead us to record more disBo«„ 
than births. Itut tiiesc errore in counting do 
fcitul area of spots is regularly found irrentcp tn th ^ ^ 

.h. ™ibi. dsk. o.n.iLro?.roACM^^ »' 

M .» thlnl. .h»Uh, 

plMt «!, tlie mu. teuils In nilike siiiil, i|k„ .lisippe... "“™ 
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CIIKCH MUniCrDd. 

This result is in ii way too beautiful. We had hoped to find only 
n small infinenci.' and we find one so decided that there is little room 
left for the other planets^ Accordingly, search haa been justly inado 
for other proofs. We may, for instance, compare— 

(1) Only tlie areas, in the east and west halves, of tlie grouiis of 
long life which luive been completely followed across the disk, llei'i^. 
again, without exception, for all symnietrical pairs of zones, the ad’ 
vantage reniiiins with the eastern half of the disk. 

(2) We may retain only the groups of long life seen in more tlian 
two successive rotations, neglecting the finit and last appearances, 
keeping only the intermediate appearances. It is evident that in 
this way no appearance can be omitted or fictitious disappearance Iw 
registerad. Despite these safeguards, tlie eastern portion still re¬ 
tains its advantage in the proportion of 19 parts in 100. 

(3) We may substitute far the spot statistics those obtained from 
the pi-oUibeninctss observed on the east and west limbs and see if 
the pr^jtnherancefi show tins same inequalities in activity ns do the 
spots at the limb zones. 

The protuberances, we have seen, follow more or less closely the 
solar cycle in their development. But the method of observation foi' 
I he protuberances is quite different than for the spots. Mrs. MBunder 
found no sufhciently complete and honiogenetitis scries of observations 
of the protuberances for the iuten al 1839 to 1901, which her spot 
statistics covered. The studies of Tlicco at Out uni a, however, cover 
well I lie interval between tlie last two sp<it maxtina. DiagnmiH made 
from Ihis data wJiow that fmm 1392 to 1900, during the decranse in 
spot titimliera, the eastern limb had on the nvenige more protuber- 
nnceft than the westeni limb. Tlie opposite condition held from 1900 
to 11504, hilt lifter the aptit maximum w'aa reached in ino,'5 the easrtern 
limb again regained its ascendancy. On the iiveragu, the eastern 
limb niaintained a giiperiority of 1 to 20. less constant and less marked 
than in tha case of the spots, but in the same sense. 

Deslandrcs has recently pointed out a circuinstance which may ten¬ 
der the protuberances more easily visible on the east than on the 
west border. Tlie sun, which we have reiujon to believe is eiectrifiLHi 
nt its siirfaee, must by its rotation create n magnetic field. The very 
niohite protuberances would be disturbed by this field so as to W 
bent at their upper part in the direction of the rotation. An observer 
would then not be in an impartial position relative to the two limbs 
of the stm. Ite will see better the oncoming protuberances which 
would be bent toward liim than the disappearing ones which would 
be bent awny. Tliis hypothesis seems to be confirmed hy the deforma¬ 
tions and velocities of the protnlK-Tiiiices. 
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A similBr ciplamitioa is not so easy in die chao of the spots. Tn 
order that they may be more easily risible on the eastern thnn on 
the western limb, we may suppose that they are followed, but not 
preceded, in their general rotation by some kind of a cloud, Eiich 
spot would then have its cloud, allowing the spot to be seen as it 
approached but hid more and more as it departed. 

This explanation ls not very convincing. In order that the cloud 
have an appreciable effect upon a great spot it would have to be 
at quite an elevation, and it is diflicult to see how it would estmpe 
observation at the border of the stin. Its influence would not he 
felt except toward the ends of the spot's transit, and we have seen 
that tile inequalities are noted in the same sense in all pairs of sym¬ 
metrical zones, 

|4) There remains one more test which we must not neglect. IVe 
L'ould not pretend lUat the earth alone has such an influence upon the 
sun. If it is effective, then the other planets must be: and there are 
jipparentlv three, Jupiter. Ifcrcury. and Venus, which nhould l>e 
even more effective. IIow can we assure outlives in this matterl 


RE3£AtiCIIES OF T1|E KEW OHSERVEBa. 

The problem had already been attacked long ago by De la Rue. 
Balfour Sti'wnrt, Benjamin Loe^vy, astronomers at the Kew Observa- 
turv. Roy. Soc., p* ISiS.) As the observations never 

related to but a half of the sun at a time, it was considered neces¬ 
sary at ibe start to determine and try to elijainEite the influence 
which the position of the observer on the earth might liave. 
The two following conclusions resulted from the pridiminaty 
examination: 

(fl)^T pon the hemisphere v'tsible from the earth the mean area 
occupied by the spots increases as the distinee on either side of the 
central meridian increases, 

(h) The spotted surface on the averoge is greater on the western 
than on the ea.steni half of the visible disk. 

Tilt swond conclusion of tlie Kew observers is at variance with 
that of the more recent investigators. However, the years e.'tamined 
m the two cases have no pan in common. The data u»d by .Mrs. 
Maunder was so much more homogeneous and abundant that her 
cohc^luf^ol 1 !j should liave greater weight. 

Ffavirg eompleted their first e.xamination, the Kew observers coa- 
^dered liow to correct their data for the position of the observer. 
The^>wdd then for any pinnet whatever, P, compare the bemiapliere 
turned toward the planet P with that turned away. Relative to the 
riivie limiting these two hemispheres, any other planet, P', could 
have any p(^,hie position In its orbit It seemed right to ndmit 
tliQt, if the mtert'al considered la* long enough. tJic effect of P' would 
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be eUminated and the effect of P ^oiild ljec*>ine evident by comparing 
the ctmditiotis on the two hemiEplieres. 

It was found thus that tlie spottetl areas tend to inenase opposite 
to Mercury and Venus. Jupiter, upon which tlie greatest hope wrtjj 

placed, cove no definite result. .... 

The work of the Kew observ’ers has been rather severely cnticiseth 
The interval used seeina too short for assuring the proper coroiwn^' 
tions. and the gaps in the data are considerable. Tlie choice of the 
material seJectetl has not always seemed jnsHfied. 

HRSeAJflCITeS OF SCHt'STKS. 

In 0 recent memoir (Proe. Koy. Sue. SSA, p. *JO0.i^huster 
considered it advisable again to take up this problem, using t le 
Greenwich photographs for the years 1%U to 19OT. He considered 
only the births of spots lasting over the interval l>etwecn the platei- 
<jf two snecesive days. FTo excluded, as more subject to error, those 
births which, seen from the earth, appeared at less than 30® of lon¬ 
gitude from the eastern border. There remained 4^!T1 spots to 

consider. . , , 

For each planet P, the sun was divided into 1*2 equivalent vertical 

zones. The solar meridian passing through the planet P formed the 
lionndarj’ between the zones fl and T on the hemUpUere toivard Hie 
planet and between 12 and I on the farther aide. Tim number of 
Spots seen for the first time in ench zone was imunted and used to 
form a plot having as ulascisste the zone numbers. 

Tlie rcaulLi are rntlicr irregular especially if—as ,SchiiBtei- did at 
grat'—we consider sepapitely the spots counted when the earth Ls 
cast or west of the cenlrfll meridian. Of the three planets—Mercutw, 
Jupiter, or Venus—each one seema to produce u minimum of siiols 
where another may jimiuce n maximum. If the above distinction 
is not. ninde, the results seem more concordant. For all there is a 
minimum upon zone 8, that is when the planet is just rising, 
and a maximum on zone 8. whifb has already passed the meridian. 
This can be comparetl ivith the diurnal maixh of temiiemture on 
the earth due to the influence of the sun's heat. Uut there are olli.-r 
internicdiiite iimitiimi and minima for which the three planeta are 

in no ways in accord. ..... . i ^ 

Schuster, however, cunsiders that the Himdarily of march of the 
Lliree curves tor divisions 3 and 8 is siifficietitly characteristio for 
rendemig very probable the reality of a plaiietmw iiiaueoce. 

TliU march is verv different from that which had lieeti found for 
the earth and much W definite. The effi'ctive activity of the earth 
is therefore^ apparently of another imture and relatively stronger, 
or it is oniv apparent and ilue to the situation of the obwrver. 



1 J- AN_VUAI. RJ5P0IST aMmitUTiNlAK INiittTUnOK, 1913, 

Tb« question wus utiit taken up ivhetliei- the diMribution of spots 
111 lo^itiide did not bei?oino nuin* unequal when the thiw planets 

*’“*™“*^* conjunction for the same solar 

swne* The plots were rematlo csinsidering only the spots bom when 
tluit condition was fulfilled. Xo marked difference was erident. It 
t*ems as if the number of spots appearing in a zone k greater onlv 
when one of Uie planets in the conjunction, or slightly past it. is 
eaus, fillister thinks that u planet may have nicrely an exciting 
octioii, effectire only in putting Into pby a foree already existing 
in the sun. Accordingly, a second planet on conjunctirm might not 
nave any additional effucL 


HEJ^E-AKCTIZS of F- J, STRATTON- 

Stratton (Monthly Notlcee, 72, p. 9, 1011 ) thought that it would lie 
worth while to igah, take up tins research, considering the disap¬ 
pearances as well os the appearances, and retaining only those which 
iTOur at less than 50 degrees from the solar meridian piisain<r through 
the earth Ho considers only Jupiter and Venus, which seemed die 
most probable as having an influence on the spottednesa. The 
period used was tlie one of d(j years, 1374 to ItMlO, for which the 
photographs of the Greenwich Ohservatoiy furnished a complete 

The surface of the sou was divided into 24 equal zones instead of 
the li which :>chuster used. The origin was the ineridien passing 
tlmmgh the planet at the moment of birth or dkappearanee of a 
Tin- zones O to G eon^ponded to meridians which had 
already passed over the planet hut w'hich aiTa now hid from it. The 

zones IS to 24 corresponded U> meridians which are to transit but 
woHrh art' jslill otit of 

He then constriicteil for each planet plots in which the aI«wL^ 
were tlie zone niimbeiiB and the ordinates— 

(«) The ntinilier of spots seen for the first time in each zone. 

purtir"* 

port*>“ 

«"•') 

This gave five curves for each planet. These were remade usimr 
he spots ^n for tlie last time instead of those seen for Srei S 
that ns disappearances instead of appenram^>i. * ’ 
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The plots wen? ven^ irregular. Generally there was no aimiliirity 
in their contotjr^ even for the same plnnet, l^etween the two hemi¬ 
spheres; tieither wiLs there between the same hemispheres for ilitfer- 
ent planets. There k one single coinciflenee, perhaps* which ^eenis 
not (Jite to chance. There te n maximum of ephemeral spots noted 
in the zones the meridians of which either Jnpiter or Venna had 
already passed three hours prerioiisly. 

It is notable that for this intcnal of 36 years a terrestrial fdi- 
server always notes in tlie cenlpal region of the sun more disap¬ 
pearances than app^rances- The difference reaches 10 parts per 
100* This agrees with what Ifrs. Maunder found for the interval 
168D to IPOL For Jupiter and Venus the birtlis seem more frequent 
when the planet Is aboA^e than when under the horizon; tluit b, in 
the opposite settle from what Mr^, Mauniler found for the earth. 
But the difference is veiy small and merits no physical explamitiDn. 

The relation between the cast and west hemisphere:^ of the sun* as 
seen from o planet, is for Venus lu the ojqmsite sense than is the 
case for the earth. In the case of Jupker there is scarcely any dif¬ 
ference, as the following table sliows: 


ffOf'tt tm Iftr hi'minfihn'rif nf (hr JHffi imtytrd fi 


Eut IiaIL 


WnllialC. 


Joplin... □ 




.... 




ViWISi. 



-t 




1 



S,3U 

ran* 


Anotiicr coinpurisen may tlirow' sonic light on the matter. Wlicn 
a planet is on a given side of the oqnaUir im the hemisphere on the 
aamo side as the planet especially favored with spots t The reply 
is contained in the following table; 



i^ih, nuBibEf ttf 
■imtik. 

cnntthtrai 

■fipUi. 


XWUI- 

&^t£u 

NorUi* 

SttflttlT .. . . . . 

ECffl] - - J i a J J J. E iiiSi ^-i 

lpM2 

ft.Bl 

liiw 

1.^ 

7.3fl 

S.tfSl 

x.m 

Vcsiu... 


This tabic ^nis dgnificant if only the left half is considered. 
But the preponderance in the southern hemisphere continues whether 
the planet is to the south nr to the north. That is* in the interval con¬ 
sidered, the southern hemisphere of the sim liad habitnally ninra 
spots* This may be due to causes within the siin and to no iulluences 
from the planets. 
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Tliis simple comparUon leads us ti> Biispcet tliat the concordances 
noted in the plots for the various planets niaj be due to cauBcs within 

the sun. There arc two posdble reasons for the inequalities in the 
pJotSi 

(fl) Any given zone relative to the planet can retnalo in visible fnim 
the earth for months. 

tA) The epoch when a particular planetary zone may Ik! favor¬ 
ably seen by a tetroslria] obser^'cr may fall ^metimes in the spot 
max I mum pha^« someiimcB in the mimmuin phase* 

The set^ond perturbing effect is graver tJian the first. The period of 
M yenrs eiiibraoed by the Greenwich data is not sufBcientlr long to 
aKum us that these two soiiroes of error am eliminated. The method 
ou r not ahaDdcun&i;]^ but w® mii^t moro obserTations. 


<X).^CLUi31<lSS^ 

It woiiid be piesumptioua to say that we have unveiled the mode 
n which the planets may react npou the sun, hut we feel pemiaded 
that some reaction caists and that it wilt not nlwavs dude ns Tlie 
iMy have within itself the reiLson for its period, but it docs not 
keep to it^If tis lythmic action. Tf H has not sufficient store of 
ener^iy m the mutual attnietion of iPs parts, in ita rotation or in the 
the plants, lliere remains a resource in the cosmic dust, 
P rhaps It w not the matter condensed into the shining stare hut tiiat 
which ,E scattered m impalpable particles throughout space which 
contrihutesmoretothestahility of the universe. 

It seems to me that these viewji suggested fay the stiidv of the 

and ndiffercnce. The historian, whow attention ig focused on^lient 
events may believe that the human race exists only for a few marked 
men The naturBljst. ncmisfomed to note the annihilation of the 

Sfl'e^'JTrfr'’ ^ -U vent n’ceoute pas gemir la 

But diaU.r:n,/tZ The'Xalf f 

e“^^rcrna mauiliol”'* fif'! 

it is done in conformit’y C^tr^U^rXr.' And 

rnl"impi;S^Uaknra”i?\ 1 ^^ 

universe an unlimited inlh.ence w1?h 


RECEKT PROGREJi;S IX ASTROPHYSICS. 


Bj G O, Asboi'. 


tWtth 3 

According to tbe definitLou of tUe word by the lute Prof. Xewoomh 
in tlie Ifliit edition of the Eurycloptedk BriUnnica, “Astrophysics h 
that branch of astronomical science wliicb treats of tho physical 
cODStitrition of the Jieavenly bodies.” Interpreting this definition in 
11 muntier somewhat narrower than tJuit which is genemlly acn^pted 
in asti'onomlcnl circles. Prof. Sewcoitib, in his article on a-strophysics, 
mentionerl the principal conclusions of the science to be that the 
heavenly bitdies are composed of like matter with that which we 
find to make up our globe' that as a rule the incandescent- heavenly 
bodies are niainly composCfl of gas, or of siilistances gnstHnu! in their 
nature; and that the temperature of the great heavenly Isodics is 
extremely high. He thus omitted from the province of ustrophysica 
the study of the motions of the celestial objects and tbeir parts by 
aid of the spectroscope, altbough this certainly lias n bearing on the 
physical cnnatitiition of these objects. rDhtnoation of fundamental 
importance in relation to the nature of the heai’cnty bodies and the 
evolution of the universe has rcsiiUed from investigation-^ of the 
radiul velocity of stars by the spectroscope; and this is supplemented 
and ixmfirinc^l by observations with the telescope alone. Hence I 
shall not confine myself strictly in what follows to Prof, Xcwcnmb’s 
definition of astrophysics, but shall include the dtscusaion of .‘several 
subjects which have at least an astrophyiacal liearing, though not 
strictly, pcrhai>s, aatropbysical in themselves. 

■ntT WAVE LZSGTIia OP LIGHT. 

All modem spectroscopic progress depend-s upon tho exact knowl- 
edge of the wave lengthji of the lines of absorption or emission of the 
chemical elements. Long ago it was discovered tliat sodium and its 
compounls, when heated to incandescense, gave out a yellow light, 
which when examined by the apcctroscopct resolved itself into two 
lines of wave lengths and Angstrom units. It was also 
found that when sodium vapor was interposed between a source of 
wliite light, like the electric arc. and the slit of the spectroscope, 
there would be found in the place of the bright yellow lines of sodinm 
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two dark lines of absorption, wbere light of the are h^tnim wiib 
til ken away, Sunilorly, in the spectrum of iron, a great number of 
bright lines are foiind in the green ? and if iron vapor is interposed 
between nn eleetrie are light and the iJit of the speetroseope, a great 
number of absorption lines will be found at the eott«sponding ploa’S. 
Also in the spectra of the sun and of many of tlie stars there occur 
dark lines corresponding exactly in place to the bright lines of the 
spectra of the chemical elements found upon the earth’s surface. 
From tliese indications it is clear that these chemical elotueols exist 
as vapors in the substance tif the sun and stars. Ttic oiimlicr of 
chemical elements in the sun and stars is bo considerable and (!» nuni* 
ber of their spectrum lines is so great, that the solar and stellar 
spectra arc thronged with dark lines, so that it takes the most exact 
knowledge of the positions of the lines to insure for them a correct 
interpretation. 

But in recent years a great deni more has Ijeen learned by the aid of 
the qiectroscnpe in reganl to the siin and stars than of their mere con¬ 
stitution, for it is foLiticl that although the spectriiin lines occur almost 
exactly in the same position in the spectra of the heaxenly bodies 
that they do in the spectra of the laboratory, yet tlicrc are alight and 
very significant deviations of position which* are uttrihntablc to the 
motion of the heavenh' bodies to or from tlie cartli. For, just as in 
the whistle of u locomotive, there is a slinrping or flat ting of the pitch, 
depetiiling upon whether the locomotive is coming toward the ob¬ 
server or going awny fmm him, so in the light of the stars there is a 
cli.<rp1acement of the siiectrwm lines toward the violet or towanl the 
red, according as the star is tip|)ro»ching toward or receding from tJie 
earth, (^e may go even farther, and say that there is a difiercnce in 
the position of the spectriim Hues of the sun according as we take 
the tight from one edge of the sun or tJie other. For one edge is ap¬ 
proaching the earth by \Hrtue of the rotation of the sijti while the 
cither is receding. It is also shown tlial the position of the spectrum 
lines depends upon tbe pressure of tiie gases in whicli they are pro¬ 
duced, s»> that it is possible to determine by exact mensurements the 
pressures under which the gnacs lie in the sun and stars, although 
these are so extraordinarily remote that it takes light minute or 
yeans to reach the earth from them. Finally, it has been shown by 
ji^man that the form of the spectrum lines of the chemical elements 
dilTm according to whether the light is produced in a magnetic field 
or not, Accorriingly it is possible to determine from mcaiiiirementB 
of the solar spectrum whether magnetic fields exist in the sun, and 
if so, to what intensity they rise. * 

measurement, which depend upon c.xtreinely 
slight displacements of the .‘jpectnun lines, evidently require that 
great accuracy shall be obtained in the determinations of the positions 


PBCKjllESS !>■ AbTBOPUVBit's—ADBOT. t<i 

of tlicte lin^ ill tlic 1(1 till nit ory. Uliori about the year 1805 Kowlaml 
toiupleted his mvestigation of the spectrum of the sun and of the 
eliemicul elements, it was tlioii^t tliat the Inst word had been said 
upon tills, and that no gniater accuracy of positions of tlie spectnim 
lines was neecssani't or indeed possible, than he had obtained. But 
in recent years it has been found nocessorjr to go o^'er the whole 
ground ii^n, and to determine the positions of the lines of the 
chemical elements and the lines in the spcctniin of the sun ’with a 
atill greater accuracy than that of R^iwland. This work has beeri 
taken up under the auspices of the IntePnational Solar Union, and is 
now approachiug a satisfactory conipletion. 

In the veor 189S a remarkable piece of work was carried out by 
l*rof. Miiielson (now of the University of Chicago) in the measure, 
moul of the wave length of light in temui of the standard meter of 
the International Bureau of Weights and Measures at Paris, Jieveml 
of the spectrum lines were investigated, and among them the red 
line of cadmium, whose wave length os determined by ItichelsoQ is 
&i38,4T*22 Angstrom units.’ In pursuance of the investigations re¬ 
cently recommended by the International Solar Union, Messrs. Fahry 
jind Pq-rot remeasured the wave length of the cadmium line and found 
the value 6438.4696, which, it will be seen, differs by leas t^n 3 parte 
in 6,000,CKH) from that ubtained by Micheteon, On this value of 
Fabrj- and Perot will rest the sj^tem of wave lengths adopted by the 
International Solar Union. 

It had been determined at the meeting of the Union on Mount 
Wilson in 1910 that only wave lengths which arc independently de* 
termined witJi satisfactory agreement by three observere with the 
most approved apparatus ahould be accep^ as secondary wave¬ 
length standards. In pursuanee of this action of the Solar Union, 
yfi>g;re Fflbty aud Buision in France, Pfund at Baltimore, Eversheim 
and Burns in Germany, have been (ietermining with the hi^rat 
possible accursev lb& lengths of certain linesi in th© spectra of 
iron and nickel^ selected at nearly equal mte^Ifi of wave length. 
About 95 such lines have now been measured wit h satisfactorj’ agrec- 
ineut in three or more indep«ident investigations, and have been 
ndopted bv the International Solar Union as secondary standards 
of wave length. These lines cover the spectrum from a wave length 
,3370.789 Angstrom unite, which is far beyond the visible li^t of tha 
.■ipectrum in the violet, to wave length 6 j 50.163 .\n^troiii unite, 
whicli is near the limit of the visible red. It is espected that further 
investigations will carry the lists of secondary standards os far as 
ivBve length 2,000 in the ultra-violet, and perhaps as far as wave 
length 10,000 In the infrared. The a^^hi^ accuracy of the re- 
suTte obtained may be inferred when it is said that tJie three inde- 

iTtlf’ ^latriYi^ inrtt Lh m teu-lilltlfrnlh 4if > 
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[}€nd&nt investigutii>Dd: gtitcraJty rtgrco to llie jjeveiiLh place of sigrufi' 
cant figure?. Ali^ St, Jolm atid Ware liave investignted the coli- 
^i.Hlency of the standartls, each to each, by determining other wave 
lengths independently by interpolation from several different stand' 
ardiv and are ol the npimon that adjostTnents in the rieventli plnt-e of 
tdgnificaiit figure!? are hardly ever necestyiry, and will perhaps never 
exceed 0 p 003 Angslrotn units in any cnae. Investigations are now' 
on foot by St, John and Ware, Goota, Burns, and others to deterndne 
a large nujiitjer of tertiarii' standanls of wave lengths intermediate 
benveen these secondary fstandanls^* and it is hoped that goo<I agree¬ 
ment in regani to the tertittrj' atamlard^ will soon be obtained. 

It is found necessary in tins work to sipecify the strength of tlie 
elertric current, the length of its arc, and the position of the slit of 
the spectroscope with respect to the arc in order to get satkfactory 
results. It tiow' remains to go over the whole srstem of spectra of all 
tho chemical elements and determine the positions of their lines w'ith 
respect to thc&e atandard lines of iron, nicked aud barium which 
have been adopted* and further to go over the whole Esolar spectrum 
and to deterrnine the position of its flb?^>rptioii lines with respect to 
these standards. 

Although this will involve an enormous amount of careful work 
in photography of the spectrum and in the measurements of the re- 
iiultja. a work w'hich will be so exacting as to appear at times almost 
a dnidgeri' to those who are engaged in it, yet like other good work 
it 13 ahnwit beyond question that it will yield unexpected fruits of 
disco^’Ciy in addition to tho^e of invegtigations of the nature of the 
sun and of the .^tors for which it k primarny undertaken. 

£^OLAR PBOELE_Ml^. 

Tlia NATUBE or aus- SPOTS. 

Soon after the invention of the tele^npe, Galileo, in die year 1610, 
ob^ved spots on the sun. They continued to be observed by mony 
person-s, and in the middle of the nineteenth century it was found 
by Schwabe that the appearunee of them was periodic* The average 
interval between successive maxims or minima of sun ?ipots is 11 
years, but individual periods range from 8 years to 15 years in length. 
The years from IMS to 1010 were distinguished for large numbers of 
sun spota, and the years 1910 to the present time for very small 
numbers. We are now probably ju.^t at the beginning of a new son- 
apot maximum period^ so that the report of ^pots being seen upon the 
surface of the sun need not surprise us. Sun spots, as seen in the 
telei^pe^ consist of a dark central part called the umbra, apd a less 
dark shading around it called the penumbra. The appearance of the 
sun when large spots are upon its surface is shown m the accom¬ 
panying figure (pU 1), 


R-kEHrt; II91; 3Abbnf . 


f^LATE 1. 



$QLAR pMOtJXRAPH SHOWkN^ SUN SPOTS, 

Tm^^n li^Mi Ibid JuwfiiaJ. tk^llhh,' 31 |»l*tif I, I, KTtiL’In ^r^iii'uiB, |sriA^ ISI-ft, 
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Suh-Spot Spectrum Map qy Mw*rT Wil3£r« Sot-** ohsefivatorv, 
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The ntitiire of Min wpot^ hius long been n :f>ubfect of invei^tigation. 
In the last few years c'ompHmtiv'ely Hatisfaotorv eonelusiona liave 
been drmin* It appears that sim spots are cooler than the surround¬ 
ing surfiii'e of the sun. Tliis is shown iti sevcml wnys^ In the first 
p!are. n deHcate electrical tberniometer, ™Iled tlie bolometery in the 
iiand.H of Tjangky and subsequent investigators, has shown a de¬ 
creased temperature when expend to the rays from snn spotK^ as 
I'omparefl with its temperature when exp^:^d to the myn of the snir- 
fact* of the sun dose by. In tlie second the ffpeciruiu of the 

stiti f^pul is found to differ from the spct'lrtim of the solar surface in 
I be miniediate neigliborhood in i'crtain very chameteristic ways, 
This difference has iawn incei^tigated by the Mount Wilson Solar 
Ohservatory* A photographig map of the sun-sipot spectrum as com¬ 
pared with the S|iectiaim of the siin a surface has been published by 
that oWr^'atorj', The accompanying illustration (pL 2) is t^ken 
from Eiti interesting portion of such u spectriim map- 

It shows in the first place that a large number of lines are found 
in the sun-spot spectrum which are either very indistinct^ or not to 
be at all in the spectrum of tJie sim’s surface* It shows in the 
second place that certain lineii are broadened % or made double, in the 
spectrum of the si.m spot compared with the spectrum of the Mir- 
roundings. Fn the third place, that some lines are weakened and 
some strengthened iu sun spots^ as compared with those of the sur¬ 
roundings. The cause of the numerous addition at lines in the huh- 
S|>ot spectrum has been found to be the presence of certain compound 
substancesy such as calcium hydridCt magnesium hydride, and certain 
oxid^* a^i* for example, that of titanium. The cauiiso of the different 
intensity of certain lines in the spectra of the spot and of the sur¬ 
roundings is shown by Hale, Adauis, and Gale to ho the decreai>ed 
temperature of the sun spot, Tlik coneloaion they confirm, line for 
line, by noting the beharior of the lines of the corresponding chemi¬ 
cal elements when observed at different tcinpemtures. by the aid of 
the spectroscope, in the laboratory. 

The doubling or w idening of the lines of the sun-spot spectrum w a.s 
found by Hale to be duo to the present in sun spoto of a magnetic 
field. This observation depends on the discovery of Zeeman that the 
spectrum lines of the chemical elements, when produced in a strong 
magnetic field, are often doubled or trebled or made even more com- 
ples- The component line§* so produced, depend as regards their 
portion, number, and the pokriaiation of their lights upon the 
sci^ngth and direction of the magnetic field through which they are 
observed. The relation of magnetiKation to the polarizatiMj of the 
light wab the feature of the matter which laid the subject of the 
widening of lines In sun spots open to Haleys investigation. By the 
use of proper apparatus for the polo-rizing and analyzing of lighi^ 
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be wii^ ublc to r(’iiii>ve i>r tiltei* tlie indiTidiinl cumponenU of the 
Bpeetrum lines in a mannei* udupted to sJiow the ni a gnat if! field e sist- 
ing in the Htin spate where the light was produced- This most ititer¬ 
cel ng discovery he lias now pushed stUl fnrthect ami has exammed 
the magnetic field of the whole fmrfece of the sun. lie finds that 
there exists upon the hiin a niagnetie field ^dxl’lik^ In ntany of its char¬ 
acteristics to that whk'li exists bi the earth, althongli the intensity uf 
the field is so extremely slight tlint the shifts or alterntlons of spec¬ 
trum lines catiscd hy it si-e alTiiof=r beyond Uie possibility of dLsclosure. 

Recently it was slmwn by thiit in the penumbras or dark- 

vjied edges of sun sputs^ tliere are found sliiftiiigs of the spectrum 
lines which show that the vapors are moving outward from ihe 
i^enter of the spot+ or umbra, toward the outlying parts of I lie pcnuiu- 
bra. r^ier investigation showsi that this outflow of the gases from 
ihe umbra toward the outer part of the penumbra is acci^impanied 
hy a motion of rotatirui al&i.i around the iinibra^ so that the motion 
resolves itself into a w'hirliiig of these vapors or guses dmilor to 
thiit which b found in a waktspout- Thus has a very important 
bearing on the explanation of the magnetic field in sun spote^ ilis- 
covered by Hale, for it was showm by Rowland many years ago that 
an elecitric- charge ill tnution has the property of an electric current of 
pruduemg a magnetic field. Thu$ If there are in sun spots materials 
under dissimilar electric conditions, and these inateiiub be whirled 
a.s in n watcrspotit* they must necesjsurily produce a magnetie field- 
St^ John* of the! Mount Wilfton Solar Ohservatoiy.. Isas Tiiade a dior- 
ough investigation of the motions of the vujjors in the iicigliborhoix] 
of sun spots* u^iiiig the spectrum Lines; of many of tlia cheinit^al ele- 
ijumts. Hr Buds that the disphieementB of the speetrmu lines of iron 
and jjome other well-known metals indicates a motion away from the 
umbra- The motion, on the other hand* of mitg^nesium and hydrogen 
and some other of the lighter diem leal elements is toward the 
nmhra* Is was also sliown some years ago in a photograph by St^ 
Jdin that hydrogen pm is s^omelimes suck^ into the center of & sun 
spot. 

All these varioag lines of evidence indicate that a sun spot is h 
whii"l in the gases of the luiter part of the ruh* analagoiia to a water- 
spoutj and that this w^hirl comes from within outward* Associated 
with the whirl there is produced a magnetic field, and associated 
with the outward motion of the materials a decrease of pressure^ 
The decreased pressure of the gases causes their expansion a^ conse^ 
queni coolingj $o that the coolness of the sun spot is thereby ex¬ 
plained. As the gase^s spread out at the surface of the sun, tlie 
lighter gases-^hydrogen and others—which are found in the outer^ 
most solar layers, are sucked into the partial vacuum at the center 
of the whlrL 
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£, stitrKDiNn TiiF* AOi^R 

St, Jcfhri^fa investi^tioiis of rudinl motion id the Qsigliborhood of 
Kun spots haT« led him to further very mter^Uug resulta. For it 
appears that if one take# the various Uiiaa of iron aa found m the 



fio, unjtloB ot liji^ aiul flir^iiKMrpbrrv, dkiiErhVta t kib ikf 

lii4Jllt TelotfJttrti ef pun PpaU, 

Tli<^ lenitht JWtid llnm Jire ppppotOddiJ Iq ndltl dl^tiimni’ntP of th» iC^rru^PfK^DdltM 
Fmubiiofpr ILelh. Arrowp lOdlrPlv of dcrw. Ttlfl mojiiSHd htmd of thw o'clc^Dk 

diptarlwDc* U hj tbt^ hrokendlbP ntrrt mvflopliiK; ilio outwpnl 

Bnkrb WltJH PrE(rtFP refer t# [wuiPlEik! rvlocitlep b^loir Ihm acMftalbLr lenlit. Ubw 

of foiw of thp mansjeEte deld wrt Undiluted lt> Ihc QBap] fnfK^FroRi Rpt^lrt on Uouiit 

WOhx] SolAr Oti4H!rv«iD^rr, bj Oeeeie F- Hale^ Tvelftti Tear Baal Cimratr |B»DtQtlOD of 
WftpEiliiiitoB, iDl^. 

iun^sepectruiiit clasaifyiug them according to their fointne^ nftcr the 
maziiier of Rowland* the fflinter linfe^ show greater dbplacements 
and thereby more rapid outflowing in the atiB'-Spot whiris than do the 
brighter ones^ In fact^ the brightest iron lines show 1e^ than a 
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fourth US grvilt dtsplacemenu os do the fainter one*. it appears 

from vartoua lines of reasoning tliat the fainter lines slionld be the 
ones that are formed at the greatest depthu^ so that St Jolm is ohle 
to arrange the iron apeertrum with ix^ferentT to faintness and with 
reference to velocity of outflow in son spots in a series which very 
probably indicates a progresiive depth of srinndiiig below the ijur- 
faee of tlie sun. Then tforresponding to tliis iron scale, if he take^i 
the lines of the other chetojcal elemetiht, comparing them line by line 
m regards velocity of outflow with Uio velocity shown by his iron 
scale, he may arrange all tlie chcmicfll ckments in terms of the iion 
iBcale, in the order of their depths of occurrence lielow the sun^s 
surface. 

In this way he finds* as is indi'cd hulirated by other line* of re* 
uearclu that the heavy chemical elemcnis will lie the lowest, and vice 
versa. Corresponding to this iirrungenient it is natural to find that 
the lines of calcitim, flodiunit magnesium, and hydrogen infUrate a 
flow of greater and greater velocity in the opposite direction from 
those of iron, so that these eleiucnts are arranged abo^'c the opper- 
most level of the iron lines in a prugrtaa outward fi'oin the general 
solar surface. Tims, ns shown in figure 1, we may have the arrange- 
cnent of the vapors m they exist in the suti^ from the hydrogen at 
the ]iigh€*t level down to the ideinerits like lend, lanthanum, barium^ 
at relatively low levels. Such elements aa iiraniiiin (and radium, 
if it exists in the sun) are so very high in atomic weight that they 
lie very deep duwui in the sim and do not give ?iijiar-speetrimi lines 
at alL so that we shall probably not obtain direct proof of the ex- 
Lstettcp of raJium in the sun on accc>iint of the low level at which 
it most lie if present there. We have, to be sure, long known of 
tlie existence in the sun of helium, whieli is a product of the db<in- 
i^ation of radium. This may, perhaps, indicate that the parent 
substance, radium* is also present in the sun* hut of this there is no 
certainty, 

s. .UEAHuaEriinK-rs or souvh aAOJATinx 

In the Smithsonkn lEeport for 1012 the writer gave an illustrated 
aocoiihi of the investig^itions of solar radiation by the jVst raphyj^ical 
Ol^servaiory of the Smitluionian TtaU-ilution, In July, 1^13, the results 
of this long investigation were published with detaib in volume 3 of 
the Annals of the ilstrophysical Observatory, Tlie most important 
ronclunions are ils follows: 

L The mean value of the solar constant of radiation for the epoch 
11WiVlJ>12 U IM2 calories per square centimeter [>er minute. 

2. An increase of 0*07 calory per si|iiare (!entiineter per minute in 
the ^ solar constant"' accompanies an increase of lOOaun-spot niimliers. 

3. An irregular vuriation freipiently ranging oVtfr 0-07 

p«r ^iiar? ccntiineWr per niinnte within an interval of 10 dayti k 
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establjsLei:l by niimer^^iis nofirly simiiltmieoitg mcasiirem^nt^ at Mpunt 
Wilson. Cal.i and Bassonr* AlgerU- 

A. Indicatiniuf of two wholly indap^ndent kinds incline us to think 
that these v^ariations of solar radiation are CftiiBed witlun the 
and not by iuterppsif!|r meteoric or other matter. 

STET^rJiR pnOBLt-t^IS. 

I* Titr. jutrrAScmav tiik STAR^^. 

The actual distaiu.'es of s^venil bund red of the stars can be said 
to be known within cooilerate limits of accuracy. Various methodic 
isrc used for determming the distances of the stars* but they gen¬ 
erally depend upon the fact that tho earth, by reason of its re solu¬ 
tion about the sun* oceupies plac^ separated by 186,000,000 mUcs 
at intervals sbe monlhs apart. Tliu? corresponds to the surveyor's 
base line, and allow'i us to truingiikte for the distances of the stars. 
Another method of e^Ftimating tlie stellar distances may be based 
upon the ffi(^t tlmt the solar system is approaching the constellatioii 
Hercules at the rate of aljout 20 kdometerg (12 miles) per second, bo 
that the position occupied by the earth hi space to-day is different 
from that which will 1>£ occupied to-morrow by reason of die motion 
of die solar system, but this method involves ansiumptioiis in regard 
to the motions peculiar to the stai^ observed. 

It is customary to express the di.stancos of the fttiirs in light-yeaca, 
for the distances of the stars, if given in kilometers or miles, or even 
iii term^ of the radius of the earth's orbiu are so enoiinoiB iis to 
require many figures. Light, however, li'nveling at the rate of 186,000 
miles per second, in tire course of a year travels about 6,000,000,” 
OOOjOOO mili;^. In terjm* csf iKIk unit tbe nearest alar h at a dktance 
of four and a half light^yejirs. The stellar distauceB are considered 
lip to such enormous quantities as a thousand or more light-years* 
It ia also customary to speak of the parallaxes of stars. By this is 
meant the angle whicli the radius of the earth's orbit would subtend 
if viewed tno^ favorably from the star in qu^ion* The parallaxes 
of the stars range from abotit one sfecond of are (T') downtvard* 
Tlie following table shows the relation between miles, li^t-yeais^ 
and parallaxes of stars: 
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The first successful meofuireinents on stellar parallaxes were made 
by Stnivc at Dorpat on the star Vega In the years 183J5 to 1838^ and 
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by Besi^! ou the intnr <U €ygni, 1687 to 1340. Bes^l’s ro^wli was 
035"^ Thh value ia in dose accord with nsvtii measnreinents. It 
was A great feat to meamire such a small angle as (his. In motlcrn 
practice the effort.^ to measure parallaxes nbsolntdy have practically 
be^n discontinued, for it is found that the very faint stars are ^ 
immensely distant from us as hardly to be displaced at all in their 
appan^nt positions by the motion of the earth in its orbit, lienee* for 
iitars which are near enough to be observed for parallax it suffices to 
comi>are their positions wi(li rt'spoct to the faint stars in their neigh¬ 
borhoods fll two epodts separutcirl from one attolher by six month*. 

Many of the parallax determinations of great weight have bean 
iTLftde hy nse of the heliometer* wliich is a telescope with its objective 
Jens cut in half, with the two parts movable with rciSisert to one 
another by a fine screAv^ With this instrument the images of twro 
I'elestial objects, one formed by one-half of the lens and the other 
hy the other may be brought into eoLncidence by shifting the two 
parts of the lens with respet't to one another^ and the scale of the 
instrument gives thereby an indication of the angular distance be¬ 
tween the tw’o objects in the licavens. Thus the relative positions of 
the stars may l>e obsen'ed for parallax piirpo<^s. 

Stellar para Ha x measurernents by inenm^ of the hdiometer have 
been the jnaiti work of the jVstronomicol Observatory of Yale 
[University, A volume of the Transact Lons of the Observatory 
haa been bsu«l recently contnining the results. The pandlaxes of 
Iflfi star* have been ascertained with an average probable error of 
0.015'^ The stars investigated at Yale naturally do not include 
stars visible only in the southern hemisphere. The parallaxes of 
some of the soiithem stars have lieen objscrTer] with the heliomoter 
from the Observatory of the Capo of Good Hope. Of the parollaxes 
determined at Yale the largest pertaining to a bright star is 0.88"^ 
for the i 5 tar Procyon^ who^^ magnitude is OS* and which has a proper 
motion in the ^ky of L23'' per century*^ According to the little table 
just given it will 1 >p seen that this enrresponda to a distance of 
10 light-years. The largest parallax found for any *.tar by the 

Atthi hiT? MimnaH widi rHp«ct to thrlr brlclaB£wi, by mAz44^." 

A hitbibtr uf tht brlibtrft flnn fib Ibr r^f^rdKl ab- nf tbe Ana inzii?i3ltud:c+ 

Ttac' FqIaf |a -df the ■pnelJ nuffnltiiilff, KbA Ibii brlc^tOcu- ot tbr- filnteiit vt I lie mIcx 
mdUy Ti»J'h|v mUkJTt Id th* wmitt^ItnliDn In ^.4 oiAifnktijdA#. Ad of Atp 

lUAtltltaafP urrefiHiDdn to a dter^u# of a babatWlf&lil Ib Ihi* brijibtitsti iot tb^ 4tAiri^ it 
VM fwina wb^D tS^# mPMKutiHl of Iho ztAft wtTfl Aini^ml \u order of tbr* 

biifttllililH of Uv* ithn otw^rvvd tfmt tbr bii^btw oa tbi Wholo to 

u than Uir nUblL'r onwi, 

Tb& prop?r uOktDDof a I* ordloArhly 0rtn w the anirlo thropub which thb 
wur iQOfBii Jn A MDtufy lA tliA hAATODA. After allOWAfin^ biO lor aU of 

BBtAttoQ. pi KfHilva, ihemUan, but Dot for matlon of Ili« nolAr Ayil^Di tQWA.nt 
the OOtUO'] LbI [da UerciiiltA. Proper mailun tbcrvCore IbclUdM the itAr^ fi;a 1 iDbUuti 
In AlHtOe with Tvlrmipe |4 the whalr of AtAK AEid, In BddltlcEi. iSe Apparent 

rHlIy dci* to the motion of ibe solmr Ajiti^n towAia tb# cociftteUAttoD ljfrcal«. 
Proper IoPIIoDb leOil of eoano to OljslASkS thv fTMter tbe dlvtAiiceA of ■turH OolwIdAriHir 
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fibs^tt'vittions Jit Vnie wjis 0.30^* foi" tin* faiiil stAl' known a^i Laliiiitk' 
illHb. This star h invisible to the eyct being of inngnitnde IJ 
and has a proper mntlon of IhTT'" per century. 

Aiiotlier method of parnllftv investi^tion which has been devel¬ 
oped in recent years tn a high of perfection 5^ that by photog- 
riiphy. If a photograph of a eldest ml region containing the star 
who^e parallaTt is to l>e determiiied is made in the citrUcr part of ihc 
night at one epoch, and again in the latter part of the night at an 
eiKK-h six months later, the position of the parallax star will in gen- 
eral he found to be changed with respect to the mean position of all 
the fainter stars in its neighborhood* After clcjiring the apparent 
motions for the known proper motions nf the ;4tars in question, a 
iTijsidniil effect will be leftt due to the fact tlnit die parallax star is 
in general nearer than the fainter stars in the backgrotiitd- In a 
method proposed by Kapteyn the photography was done in the fob 
liming manner: A plate wa^ exposed at a certain cpochj then kept 
without developing for six months, exposed again in a slightly dib 
ferent position, and then kept still another six months, and firmllv 
exptwd a third time l>efnre developing. Thus three serica of images 
of all tlie stars would be found upon the plate^ of whioh two would 
iie taken with the earth in one part of its orbit and the other with the 
earth at the opposite part Recently Prof. ScUleiiirigen formerly of 
the Yerkes Observatory* now director of the Allegheny Observatory., 
liiiH use<l the photographic method with tlie great Icrkes refractor* 
and has obtained parallaxes for about 2a stars of a very high order of 
accuracy. Prof. If. Y. BnsselL uf Princeton^ also has obtained excel¬ 
lent resnltf^ by this method for 52 starts ubserv'cd by himself and 
Minks af Cambridgi\ ICngland. Thcto^ obseners did not leave the 
plates undeveloped for a year or IS months* according to the method 
propo-sed by Kapteyn, but preferred to take sepaiuto plates at the 
different epochs. This parallax work by photography is becoming 
extremely well thought of by astronomers, and is engaging more and 
mure tJie efforts of those who have Inrge refracting telescope® avail¬ 
able for this purpose. 

ft is foimdj as would be expected^ that in general the brightest 
Otars ure neai'er tha Ciirth, and tlio stars whose proper motions are 
largest are also ncan'r ihe earth* Prof^ Kapteyn published, in 1002. 
n formula conueiHing the qiinntitiet^ parallax* stellar magnitude, and 
proper motion. This is found to agree pretty well with more recent 
work. Pn>f. l^wis Boss^ in his interesting discussion of the great 
Preliminar)^ General Catalogue of positions and projMjr motions 
of stars., recently pubtished by the Camegie Institution* has also 
derived a forimila connecting the proper motion and the pa roll ax for 
stara of the 5*3 magnitude* 



liift ANNUAL ItEPOET SMITHSONIAN IBSHrUTlON* I'jtl 

riie positionH of tlie stars iu the hen vena ehangs slightly from 
year to year, oiriug to two cantsea: First, tlie motion of the solar sys¬ 
tem as a whole in the dirertion toward the consteUatioD Hercules; 
second, the individual motioos peculiar to stars themselves. The 
first-mentioneil component of proper motion increases directly as tlio 
stellar distance desetenses. Stellar parallax ohservers. lieing over* 
whelmed by the entirtuouE number of the stars, were obliged to choose 
from them a small list for observation. Ft was natural to select starn 
of large proper motion for such a purpose, since these would protp 
rthly represent the class nearest to the earth. Hence if we take, for 
instance, frt>m the list of Kiani whoste parallax has been determined 
a group whose mean parallax is O.F', the mean of their proper mo* 
tions exceeds the mean proper motion, which would be found for all 
the stars whose pnra]la.v is 0,1". if all those stars had been investi¬ 
gated. TTence it must occur that, as the distances of more and more 
of the stars become known, our estimated value for the mean dis¬ 
tance, correapondiug to stars of a given brightnesa or a given proper 
motion must diminish. 

2. iiOTlO^’3 or THE STABS. 

Within the In^ few years great pieces of statistical investigation 
in relation to the stars have been pubUrfied which are of the highest 
value fnr the progress of our knowledge of the universe. Americans 
should lie particularly proud of several of these investigntiona 

Tlie first is by tlie Hsrvard College Observatory, under the direc¬ 
tion of Prof. E, C. Pickering, Volume .TO of its annals, cotitaining 
the Berieed Harvard Photometry, gives u catalogue of the ptKttions. 
photometric magnitudei^, and specira of 9,111) stars, mainly of the 
«,ft magnitude and brighter, covering both the Borthem and southern 
hemi^here. A still more extenave work of a similar kind, to be 
railed the Revised Draper Catalogue, which will include data for 
probably 300.000 stars, is now in coursa of preparation at the 
Tlnryurd College Observatory anti may be expected to be finished 
within fl abort time, thanks to Prof. Pickering^s great care in the 
arrangement of the work. 

The ^ieconll grem work to which I refer is entitled “ Preliminarv 
Genera! Cotaloguo of ti.lSS Stars for the epoch 1900. Prepared at 
the Dudley Observatory, Albany. X. Y., by Lewis Boss and pub- 
lisbed by the Department of Meridian ^Litroinetry of the Carnegie 
Institution onVashington, 1910.'’ Prof. Boas says: “^Tlie general 
ratalopie of <5,188 stara herein contained is the re»iilt of an attempt 
to dednra for these atara the most exact positions and motions that 
are readily attainable from tho uieans at c<rtninand,” In compiling 
It he has eompaml about 80 star catalogues, from the catalogue of 
Bradley, dated 1 (tWi, to njofiern catalogues of the period 1900, From 
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these he hius deduced the most prnbiibU* |>Ortition.s in right escension 
mid declirnition of tJie sturs, and the proper motions of liie stars as 
indicsted bv the observntions of them at long separated epochs. The 
result obtalnerl with regard to pt*i>]>er motion have led biin to a most 
interesting series of papers, some eonrlusiotis of whiclt will be re* 
ferred to in what follows: 

The third preot piece of work to which I Itave referred is not yet 
publisher] in extenso. but lius been published in part. It exists in 
maunscript, and the principal conclnaiona to be initued lately den veil 
from it have already iieeti piiblLsbed in a eeriea of interesting papers 
by Prof. W. IV, Campbell, director of the Uck Observatory. 

It is now Ifi years since Director Campbell described the Mills 
spectrograpli of the Lick Observntory. Tliis fine instimmeni, re- 
modelcfl in ISMB, hasbeen unremiitingly used by him until die pres¬ 
ent time. A companion Mills sjwet rograph was installed under 1>L 
i«ctor Campbell's direction in Chile in the year lfM)3, and this also 
has been diligently employed by sntTpa^ive olwcrveis sent down from 
the Lick Observatory. 

It was Director Camplwll’s intention in this long campaign to ob- 
florve the spectra of all stare brighter than the fifth magnitude, in 
both the nonlieni and southern hemisphere, iii a manner adapted 
to determine accurately the luotiuu of each of these stars iii the line 
of sight; that is to say, in a direction toward or from the earth. Hus 
motion is also termed radial velocity. The time of exposure neces¬ 
sary for photographing a single spectrum ranges from a few rnimUes 
up to several hours, according to the brightness of the star and die 
quality of die atmospheric conditions. It is necessaiy in such a 
campaign as that which the Lick Observatory has been making to oli- 
serve each of the stars several times in order to confirm the velocity 
found or to detect the presence of variability of velocity, such as 
often leads to the most interesting results. Lick Observatories 

in .California and Chile have observed betwceti 1,000 and *2,000 stars 
for radial velocity, and tliese, with a considerable niiailJCT of others 
observed by other observatories, made up a IL^t exceeding 1,700 in 
ntimber, which was discussed by Director Campbell in a series of 
papers in the year 10LI. 

.4bout one-fourth of the stars observed were found to be spectro¬ 
scopic binarie.s. That ts lo say, although tliey ap^ared to be single 
points of light to the telescope, yet cortsin peculiarities in the dis- 
placementa of their spectrum lines from time to lime indicated that 
each of the Apparent poinU of light embraced a system of celestial 
objects comparable in some respects with the solar aystem. This 
similarity, however, does not extend to details, for the olijects iii- 
cludcrl in a spectroscopic binary, or mtdtiple Jftar, are each mimally 
hot enough to give light by itself, and in general are objectif of more 
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tipprusinmidr «}iiul size tlmn thpisiitj and thfl planets. The motions 
of n coDsidet'Eible number of these speotroscopic binaries liavo been 
investigated by mathematiclans, and the orbits of the motions have 
tieen determined, but there still remains a large number of them for 
which this Information is not yet available. These latter objects 
were rejected from Prof. CariipbelPs gfucnil discussion of the stellar 
motions on account of the indefinitcne^ which must attend their 
motions for a time. There are besides a considernble numlwr of stars 
whiise spectre are so vague and dlSieult to measure that the results 
from them are uncertain. Accordiogly, there remained available for 
his invaetigatioti only about 1,200 objects. 

The first investigation relates to the motion of the solar system in 
space. As in a forest walk the trees in front seem to separate sm we 
approach and tliose behind to come together os we recede, so the stars 
to the telescopic observ'er would appear to crowd toward tiie point 
of the sky from which we are receding and to separate from that 
point of the sky toward which we are approacliingj if the sun with 
the planets Is in motion in the heavens with respect to the positions 
of the stars. Such tendencies were noted by Sir VTilliam Hewchel 
in 1788, ^m a consideration of the proper motions of 13 stars, all 
then available. He found that llie solar system wns traveling np- 
proximately toward the star a Hercules, in right ascension 2B9®, 
declination, *f28®. 

The information found by the spectroscope relates to motion at 
right angles to tliat which is observed by the telescope, so that while 
the telescopic observer would find the Btars preeifiely in the solar 
apex to have no component of motion caused by their relationa to 
the solar system, the spectroscopic observer would find these stars 
to be approaching the earth with the maximum velocity, while those 
at the opposite point wotdd be receding from the earth with the same 
velocity. The telescopic observer, looking at right angles to the 
Ime of motion of the solar system, would see the stars at the maxi- 
mum velnci^, whereas the spectroscopic observer, looking in the 
same dir^ion, would find no radial velocity at all caused bv the 
fluliij- motiDh. 


Director CampbelPs general solution for the solar motion derived 
from all the stars investigated, 1 , 1&3 in nnmber, gave the following 
vala«:Apex at right ascension, 2CS«,6, declination +2SM, and 
velocity 19+5 kilometers per secoiiid+ 

In Prof. T/jwis Boss’s discussion of the proper motions of 6.188 
^aw, he also has derived the position of the apex toward which 

't in right ascension 

*>£0 M, dedmatJon +84'.28, and he finds that for stare situated at 
IK) from the apex, winch of course, will show tlie greatest apparent 
velocity of recession from the apex, the mean rate of apparent mo- 
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tioii ]f> 3.85'' per yeur. Tbis iti calle<i thi; mvun Kobir {iRrallucliv 
motion for the utar gixmp. Now« of coiii¥o, the parallftctic motioiiB 
of thc! stars depend upon their distnnres from Uie earth, and natnr* 
iilly will be less for the fainter stars than for the brighter ones, 
since the fainter ones are situated at the greatest distances. 

The mean magfiitude of all the stars invoFtigiited by Boss was 
5,7, but be selects 55!) stars having large proper motions whose 
average njognitiido was 5.3 and for which the mean solar parallactic 
motion ivas Prof. Bo.ss tlien goes on to compare the magni- 

tilde and parallnxea of 130 stats wliosse parallas^es lia<l been meas* 
nrwl. IIud tliereby obtains n formula connecting the parallax and 
proper motion for stars of the magnitude 5.3, He thus has a meas¬ 
ure of the distance of the stars of large proper motion which he is 
i*uDsidering. and from this he finds that the velocity of the solar 
system, in its motion toward the constellation Hercules, is 24.5 kilo¬ 
meters (15 miles) i»r second. Readers will note tliot this value is 
deri%‘ed quite independently from that of Prof. Campbell, and that 
it is about 25 per cent larger than his. But from the considerations 
above mentioned (under the caption Pistanecs of the stars ”) prob¬ 
ably a reduotion of the estimated distances con-esponding to given 
proper motions will be brought about as more determinations of 
stellar distnnees become available. Thus Prof, Boss’^s estimate will 
be brought down toward that of Prof. Campbell. 

It is found that the fainter stars are on the whole at greater dis¬ 
tances from the sun than the brighter ones, so tltat the star list of 
Boss relates on the average to a system of staris ut a greater distance 
from the observer than the star Ust of Campbell. A reason has 
already been assigned for supposing Bosses value of the solar motion 
too high. It may be on the other band that the suii^s motion is to 
some extent shared by the stars which arc its more immediate ucigh- 
Itors, m that its vdoeity with respect to them U smaller than with 
re^'Ct to the .stars which are more remote. 

Prof. Campbell has adopteil in his later discussions the round 
numbers 2T0'* right ascension and 30* declination for the position 
of llie solar apex, and the velocity of in.r» kilometers as the rate of 
its motion toward this apex. 

Wlih these quantities determined, it is possible to take from the 
observed radial velocity of each star a component which depends 
upon ifae motion of (he sun, and thus to lea\*e to each star its own 
individual motion with reepect to the earth, as the earth would be if 
fixed in space with reference to the whole ^stem of stars considered. 
As the sun moves at the rate of 19.5 kilometers per second in a cer¬ 
tain direction, so for each of the other stars investigated, there 
should be a certain velocity and direction of motion. The stars have 
been classified at the Harvard College Observatory under the dir«- 
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tion of Frof. E. i\ PickerJOg, w-iiL regunJ to tUc nAtiir^^ of iheir 
spoctrnni. The principal groups of the Harvard clueisiGcatlon are 
ilesigiiated by the leiters B, A, F, G, K, M. The [wcnliaritiess of 
these types of spectra are Indicated in the accompanyittg plate 3* 
Wt s^e the progressive greater compSesity of the spectra from type 
to type. Campbell points out the very interesting fact that the more 
complex the star spectrum, the greater the velocity of the star in 
space, with regard to a point ao fixed that Uie algebraic sum of the 
velpcitic^ of all the stars with resx>ec't to it is 9. The same cojidiislou 
is derived mdependently by Boss from a ronsidemtion^ not of radial 
uiotious, hut of thwart motiofis of the stars. The results of Campbell 
and llot^s are compared m the following table* We assume for BWs 
resoUs as for CampbeU^s that Ibe velocity of the solar ^tera toward 
its apex of motion is 19*5 kilometers per second^ thus the angular 
motion observed by Uie telescope may be converted into its linear 
equLvnlent* Unfortunately the grouping of stirfS by the two ob- 
servci^ is different as regards the &iibdas$es of the Harvard dnasifi- 
cadon. 
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The reader must note that the results, both of Boss and of Camp^ 
l>elb relate only to & certain component of the motion of the stars. 
In the of Boss it is derived from that component of the proper" 
mociou, which is at right angtfs to the solar pathway; and in that 
of Campbell it h that component of the radial motion which is in the 
plane of the star and the solar pathway and is at right angles to the 
solar motion. If it is assumed that the stars have no preference for 
motion in one direction rather than another and tlmt they ure well 
distributed over the whole cel^tial sphere it follows that the values 
above given from both observers are but half the aversgs velocity of 
the group of stare* conaideriDg their motions in the reol directions 
which they have in space, and not merely the components of motion 
found by Boss and Campbell. Thus we find for stare of ff^oup G, 
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to which our sun bdungs, nn average velocity of 32 or more kilo¬ 
meters per sGoondt which is considerably greater tluvo 19.3, which is 
assigned to oiu* sun. 

The Milky 'Way. oomposed os it is of a vast number of stars, has 
long been a. circle of reference in the heavens for the diseuasion uf the 
distribution of the stars. Not only are the individual stars crowded 
more closely in the Milkv ^Vay than elwhere, hut the crowding is 
rUfferent witli different spectral typej*. Tims Prof. Pickering 
pointed out in his discusaion of Han urd Eevised Photoniclry that the 
stBi> of the early types, type B especially, were to be found prepon- 
deratingly in the neighborhood of the Milky Way. This tendency 
of the stars to distribute thcmsclvea differently with respect to the 
Milky Way has been summarizerl by Prof. Boss in the following 
tables, in winch he gives the numbers of stars of different spectral 
types to bo found in zones at different distances from the center of 
the hfilky Way, and also the numbers of stars of the different types 
which occur in equal areas in these ^ones. assuming for the zone -|-10 
to —10® a number of lOO, We see that the stars of the sn-called 
“later tyi>es” G K M are nearly uniformly distributed over the 
heavens, but that the stars of the “ early types," especially B, are 
very unequally distributed, and crowd more and more toward the 
Miiky Way. 
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In several respects the stars of dass B are very remarkable. Dr, 
Campbell has stated that in a space concentric with the sun, which 
must contain hundreds oi stars of other spectral claves, there would 
probably not be a sin^ one of class B. Thus, B stars ore, on the 
whole, excessively remote. In the second place, they seem to be very 
bright stars, for, as E*rof. Pickering states, o count of the class B 
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«tar£> mdieates that of tbe bright, vkiblo star^ one out of four belotigs 
to this doss, while of the stirs of the sutth magoitude there is only 
1 out of *20, and that few, if any, would be found fainter tlmn the 
seventb or eighth magnitude. 

It has been strongly intimated by such men as Kaplevn, Campbell 
and that the order of spectra B, A, F, G, K. M itidicaUs siib- 
staiitiaUy the order of development of the stars in time, so that tlie 
stars of class B may be regarded »s the younger stais. and those of 
claves A, F, G, K, and il, success!rely, older nod older. Prof, Bo^ 
goes .so far as to say: “ There can scarcely be u doubt that the same 
stars that are now seen of the spectral type A were in past agts of 
the spectral type B, and then at a mean velocity of approximately 
only two-thirds or three-fourths that which they have at present, ft 
^ms equally probable that A stars of tlie present will eventually 
bwome s^rs of the second’ type in the futgrt, and along with that 
p ysica evekpment will ncqalro an increase of mean relocltv about 
M cent ^ter than that those sUt^ now have. This fundamental 
fact of acceleration in the means of the stellar motions must have a 
\ ita I benriiig^ on c|uC'£tion6 of st€d] a)' devolopineo tn 

It is Jmown that the spectrum of the general surface of the sun. 
uhich is hke that of Etars of class O, gcjcs oyer into the spectnuu of 
« sun spot, which is like that of stars of class K. by a mere lowerine 
of temra-rature. It is also known of all bodies with which we ai? 
familiar upon the earth, that when, as time passes, thev lose eneriTT 
by radiation they cool. Accordingly it seems probable that stars of 
(r mil alt length peach the ccindiiinn of t-lafs K W the mere 
^ling incidental to the continuation of their radiation to space 
^igh long periofU of time. The gradual progress in form of 
^rum from class B to cla^ M, the gradual progress in velocitv of 
otioji from das; B to class if tha gradual progress in distribution 

which could be named, all seem to show tliat the arrangement of the 
sterv aocordmg to this classification corresponds to thf march of « 

anT«!^ « *« those of the mote complex, 

and not the opposite, is indicated by the consideraHon with reLi J 
to the Bun.spot spectrum which I hoW just cited. 

m.rkr.^T£°" ‘■^"'PWI l™ ». 
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poAlU^oj^ They mnj Imtc orlRlniited from cwnipara lively few ffreat 
E^bfute vf mntter Id iw near tlm ^rlnne of ihe MUky Wny* Tbe 

vaHctj ef motloiifi which we tj^bRcrve Jd the Eturs Jn nne of ib^ a^pparotit 
groups hiiiilit. perhaps, Zutve orljclDuted from Ltio inJltionee of the of 

mimy tndhldunl utara throti^ iho ImmiinBe roliiiuo of sphce occupied bj the 
group- The abBoiico of elaes B stars In oiir rStrlnUy may indlcfite primeval 
rocftaOT In this z^IoiIh or iho devolopmoiit of tho ittam In this ret^laa to an 
cffe^-tlve npe boyontl thitl eorrv^KmdlJig to the elnia B opoelrom. 

Kapteyti has ^id: 

Aa the yoiiiii^eT the stars nm the smaller lire their iutemaJ motion ei^ It ToIIowh 
B t on^ that from wlicitoi'er matter our youngest stars—the itelioni stari^— 
muy tit4 i>eeii evolved^ that matter must have In nil protubihty otltl smaller 
Uttemol jnoUom l^el m call this matter priinonhn! matter. As the Ipterttnl 
vcioclty Ilf the helium atar* Js a 1 ready tw very amalK we come to the ooflclo- 
sioii that pzimordlftl juattor most tiractlcony hovo hardly any nthor mottoa 
than the motion of the cloud to which It 

Thu siiiteinetitii quoted abovo^ and many othet^ which might be 
quoted from ai^troiiomit-al lUerfiturts lead m to the condu^on that 
their writers assume the following evolutlan of the universe, begin¬ 
ning from the nebuliif and [imj^ding with passing time to the stages 
of tJie dosses A, F, Gy K. JI in spectra. Originally the matter 
had very low velocity in space, and m the stars were formed ond 
grew in uge their velocity became greater and greater. Wliatever 
the drift which Uie original piimordkl matter may have had, the 
formation uf the stai^ ttn<l the gravitation which they mutually 
exert, tngotlior wjili tlioir increasing v'elodty in space, tended to 
alter the motious of the Miars fmm a alow drift in some partiniliir 
direction to a much more rapid progress of individua] stars in every 
coneeivahle direction. This motion naturally took the stars of the 
later type^i fartlier and fartlier from the original seat of the primor¬ 
dial matter., so that now, although we find the class B stars still 
mainly confined to the neighborhooii of the Milky Way, yet for 
other types of stare the disperaion has gone farther and farther. 
For stars similar In constitution to our sun, and naturally of the 
same order of age as tlie sun, the circiimstancea of the wandering 
have naturally been much the same, so that vre find the stare of ap¬ 
proximately the spectral class of otir sun to be, on tlic whole, in the 
less remcitc part.H of space. IfYlien, however, we coniiider the stars 
of most advanced type, of spevtral class II, whose wanderings have 
continued for the most untold ages, we find these stars na a class in 
the more remote parts of the universe. 

Although this speculation is supported by a good many facts of 
ohservittion yet it is only fair to state that there are astmnomerts 
of very high eminence wlm consider either that the time is not ripe 
for such speculationSp or that the evidence may equally well be 
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ftrrauged to suit otbur condorioJjss- If wo assume the lino of speco- 
latinn otatcU afeovie we muet be iulerested in the foilowing fitateinent 
of Prof. Kapteyn: 

There Is imfiiJier piwMem Invodveil io our obwerTatJoits wMch miibt swni lo 
be of 0(7 lees importaac^ tlua Ibo ooe Just now cotudrterKi How hoTB wo to 
eXpUtu tbe tael itmt tUe ifHotiwl ^Elodtj of the j4ata Jmtimm with ii^e! Hk 
lutJt^auRii.^r w^)^^ ta iLo of tbe motiiiii of the benvotilj' bodJEs, boa founil 

hurdlj a ttHcc of any utber forue Utmn gimTltatioDj wUl aotayiilly turn, to gravi¬ 
tation for ffurh ao ejtpliimittDo; nud It really f^eema a necenslty thut under ibe 
IbllueitL'e of their mutual uravUatluiii iHidieB which at the ootaet have Llttlr ur 
IK) relAtlve ttiotJoii tuoai git ouch u motioeu whieb. up to a certnlc llniLt at laa^ 
will Uumiao with time- Thua fhr IbCfe lu IIO ifreat dllSeuMy* Httt now M im 
Icwk farther back In time, hack to the linn.* lu which the stars had Hot yet lw»ii 
foruteil. In which tun Iter waa still la Its prituohllul atato^ If U be troe that 
tDattml utUacthm of the ataia han geoefuted tfoch na ciiomMiuti acaoinit of latere 
aul nauthm In tlm tiaso needled hy the siara for their evolatioa from heUnm tOiin?c- 
ochJ or thlnl ly^ic fUir^ herff have we to exidala the fact that wq and timt hieuc 
maltcr hcarlyat rwit nl the drat Htagn of Btellar Ufe? Thst Id the prchelium agra 
pruTtlatlou hiol tipocluccil lianlly auy motltm? lie w’ho bellEvp* In a croattuu 
of amtlcr at (tome flaltely remote elwh nmj hn*l ao allfl4!ttlly Ui the ^ue^tloa, 
hut to him who iIeios not^ ther*? Srt i*i?iiiieililiig itiitoalFhliig to see luatcer behave 
as If there were no gmvltatlott, What tony be ihe axplaDutloDT Is there rraUj 
DU gravUaUoa ia [hrltnerdlal mattsi', ur Is there linether force isaetly ctiimUT^ 
balauclthg lls effwta? 

I flaw- uo solution Ut ofTer. 1 slmr^lj wf^b to rolut out that here Is ^ oeeut 
problem^ a’blch la tuy eidukui deservaa tt» attendUD of the phyildin m l(!^ 
Than UibI of the astcouomer. 
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[tnch I) platen.] 

It h indeed a great privilege awl pleafnire to give a leetiiro at Os- 
fonl. where Edmund llalley, wLo:^ name the founder tiaa w wisely 
coupled with this lectureship, labum! devotedly in the interest of 
science; and to be ponuitted. in some anall measure, to pay the debt 
of terrestrial magnetism, and my own personal debt as well, tc this 
Iltu^rious investigator. 

Halley*!* varied scientiiic activity and liii* wide sympathies were well 
set forth by the Halley lecturer* of two years ago, who had as Hk 
i!.nbjeet an astronomical one, “Tlie stars in their courses," Last year’s 
lecturr.* “ Large earthquake-H,^ by that aealotiK pioneer, Prof, Milne, 
again exemplified both the nicope of this lectureship and tlie fact tbnt 
Holleyk interest and achievements in geophysical science, tliough not 
generally so well known as his astrouomical discoveries, wenj no less 
great The snbject of the lecture to-night, “ The earth s magnetLun,” 
ia one In which Halley’s name stands out preeminent among the early 
students of the science. As It is u large subject and one in which there 
might be much dkvursiv'c rumbling, we shall do well to limit ourselves 
somewhat—to choose our starting point and then proccwl in certain 
dehnite directions, * 

Tlie adopted flag of the Chinese Republic comiist^^ of five stripes, 
partly becauae, as I am told, in China all good things are five—five 
seasom^. five principal grains, five genii, five relationships that make 
up life, and five points of the compass, north, south, cost, west, and 
center. l‘’or, to the Chinese, the stai'ting'out point is as important us 
the point to witich, or direction in which, a journey is made, .'to 
it also must be with ua to-night. 

«The rourtb «Hkller lertar*." Oeaveiwi la Uw KboDla ar the Ualvtnllr of Oxford 00 
Ma; ee, IPta ; latMrolod hr liateia hllOro. aeprlD.ljed. if tar rrflhiMI by the aathor tad 
«Uh added UlaetratfoBo. (roai Bedrock, ««1. 1 , No. 3, Orlsher, 1VI3, 3Ta~ea4. 

Plrt>L H. IT, Tanwr, Jl. ftc_, (J. it!, IP,. He. SitUIu p-rafinanr iff uilroMflifrp IJftl'f’pf 
•ItT of im fol. 1, ?io. la ApiU, lei!!, pp, JS&-107)* 

* Pql^ll-b^ in Bcdmx tol. 1, Ntv SL Julj, 1^12, 
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According to tb^ i^gulationfi governing tbie lecture, it is to lit* 
known as the ‘‘Halley lecture on astronomy ami tcrrretrittl iimg- 
nctism.” “Astronomy shall include astrophysics, and terrestrial 
magnetism shall include the physics of the external and intertuU 
parts of the terrestrial glolss.” This lecture might, therefore, with 
propriety cover the whole range of investigation in terraria! and 
cDstnlcml magnetism. However, we must limit oui^sclvcs to those 
particular lines of research in our subject in whlcii Halley himself 
wsls chiefly interested. It so happens that these are tlie very Uncs 
nlfio in which 1 have been given the opporttiuity to conilnue and 
expand the work begun by him, * 

After Halley had made two attempts to er(tabl!fih a working 
theory respecting the distribution of terresitrial magnetism ami the - 

cause of itJj striking change with the lapse of years — the si-called ^ 

.secular variation— he must have reached the conclusion that the ' 

i'itlsS’ve problem of the earth’s rnagtietism would Ijo more j>!X)fiiahly ^ 

advanced by iiddilioual facta than by further .spwinlotion. That. || 

pa I'uphraslng Scticca, to avoid making u false calen1ation.^of matters, ^ 

it ware better to iidvii^c with tiaturo rather than wltti opinion. Ac- J 

vordingly we find liim setting out in October. 1698. in enmnaaud 

of a sailing s=hip, the Ptirtimmr P!nl, ami cruising in her under ^ 
orders from the British Oovemniciit, bark and forth, north and soutli. 
in the Atlantic Oreim for two years, observing almost <laily, some¬ 
times eeveral times in a day. tlie angle which the compas.s needle 
junkos with the true north and south line—the angle known to the 
man of science as the magnetic declination, to the mariner and sur- ; 

veyor as the “ variation of the compass.” 

This is memorable as being the Srst scientific expedition sent out 
hv atiT connin' with the specific object of Improving existing know!- I 

edge Veganling certain facts of the earth’s magnetism. iKot until ’ 

somewhat over two centuries later did U occur iigaiii, tliat a sail¬ 
ing ^Idp traversed the oceans vvith the chief purpose of making 
magnetic observations.* In July, 1P05, there sailed from the port of 
Sail T^rancisoo, Cal,, a chartertsl sailing yacht, the (riiUUii sent 
under the auspices of tiie Carnegie Tnstitutinn of Washington, on 
the sole mission to deter mine the magnetic elements at sea, for 
the benefit of liotli the maritier and the man of science, n.'s was a.ls« 
the purpose of Halley’s voyogeH, Four years later, in l&OiJ, a 
specially built nonmagnetic vessel, likewise under the auspices of 
the Ciirnegie Institution of Washingtciii, left New York for St. Johns, 
Newfoundland, and thence procectied to Fuliuouth, along practically 

I VilEublp wsuftlr HlftlE lUTv bHD HflUMd br tetImii p]tp«4moait «Imp HeIIi^’i oms. 
hgt eltlHr Uks (Mlfiistle voiA via B»nl]F leUita.1*l ut furmid mrt of ■ tfmCtal «ElnuUir 
oroitimD. or TB'! cainblasd vub BOIkb KHiicmphleal otjoct neb u AiTtIc or .%tilBiTtie 

<'i|!laimtli>ti<^‘Ehr' mcrmonhl* ffrftwt 1.1111 TrPTiOf ripedltlHOrfl*, 
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the etiiiie track followed by Halley's zihipt Since tliett tliiii veBseli, 
tbe CarMgii?, has eircumnuvigiUed the globe and has repeatedly 
intersecttKl the course of tlie PafftH^nf Pink in the Atlantic Ocean. 

In view of the historic interest thus attaching to It alley inaguetic 
expedition, it will be well worth our while to use this as our starting 
point or center, the lifth point in the Cliinese compass. Tlie instruc* 
tioiJB git'en Halley, as far as they pertained to his observatiouai work, 
were os follon's: 

W'ben^is hla Majesiy bus bwti to lijfttl his Pittk tfie Td^Hiaur far 

j-oof ntucteOiiiis wiflt liei on an fjepeditloa to luutrove tb^* knowldilee fit tifl 
and vudatJona of the Coatinuwe, wblcb sbljip I* new wmjilstt'ly 
jdan’tl. Stored, aud YlctunlbtJ. «f bis » ebarjj# for ibo said t^podltlou; 

you (iTP tberefore licTwby pp<)alineil nod dlrectod to proctwil wttb Iter AC«H*illug 
l& the ftonowliig Icfh-iicHon^:— 

Vqii iLi^ to nifite the of your vrny to the HJUihwara of the Equator, itiuS 
there lo observe on lh& Coant of aotrth Aui^Soi, tinil iLe West CVuiitt ot 
.VfrJcn, thp varlutlotui of the C^omyatise with all the Aeeuntej you efiu, m nl»t^ 
the ime idtuotinn both of T^u^tudo aniS, iJiUtuile of the Fortu you 

orrtve. 

Voci Ate llkeu'lite to umke the Ute ohMrvuHQaH iit ah many of iho In 

iho E««iB between thu uforosali] Cm\MA jiR you cao (wltboot too much ttemtSemj 
hrioff lutq jiiiir l^urse: uud. If the nea^on of tfeo year nomU^ you lire to mod 
Eoe fhrr loto Uie South till you discover the of the Torra litcogulu^ SUp- 

IkwxL 10 lie between Moiiguhiii''ii ^tmJtB einiL Ibe Co|^ of Good Hope, which 
Cuiiat you carefully Jny down In its true pouttlon. lu yoor rmmi boiiio you 
liffc* to visit the EiifilJih West Tuslla pliiiitiHloua or jih uuiuy of tbcm na con- 
veole^iiiy you uiisy* niiil 1 u them nmhe #ftich ohserTuttons ns tuny couirthiite to 
Irty them dewa tnioly In their fJijogrupbliall Situutlou. And in uU the Course 
uf your voyiige yuii must bv ciirefall to omit oo opportuultj" of uoiiu^ff the rarla^ 
tion of the ComtBiiisse. of w'blcli you lire to keep u Regtiter in yonr JouniaL 

Curiously enough. Hatley, though a promincjit member of the 
boial Six'tety, never contributed n paper to it. nor did be publish 
anything elsewberc on these voyages of his, iiiii ok'.errations, or 
resulting <‘oncluKions. Xol until 1775 were JJalleyV journal and 
observations published, and titen by Alexander [bilryAiple in his 

Collection of Voyages chiedy m the Southern Atlantick Cicean,” 
troni the manuscript in tlie possession of the Board of I^mgitnde at 
Ijondon. Halley appear* to ba%‘e contenteil himself wiih laying down 
the result,s of his work on a chart entillin] “A new and correct Sea 
Chart of tlie Whole World, showing the \'ariatioiis of the Compasw 
aa they are found in the year 1700,'* Tliis chart is often briefly re¬ 
ferred' to under the title ‘'Tabula Xautica," The first edition, pub¬ 
lished probably in 1701, cover«l only the ocean—the Atlantic— 
irttvereed by Tfallcy himself ; for the later edition, as the chart wus 
now to cover the greater part of the globe, he had to collect and 
titilire oliservatious made by others, N*o printed reference to the 
early edition, cither by Halley or by anyemo else, prior to njy dis- 
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€«veTy of a copy in the British Mus«iirii ii^ lii05 hn^ thnsa far come 
to light. Yet this p&nicubr charts temed by me the ^'Atlantic 
Chart/^ to di&tingukh it from the later one—the “World Chart— 
la efEpedallj interesting, as it contains the routes folio wed by the 
P^umourPhd\ Airy^ when he reproduml I fa Hey “World Chart ■' 
in the GreenB'ich observations of 1860^ was seemingly not aware nf 
tl^e -Atlimtic Cliart"*' (See pL 2.) 

The only description of Halley s chart by himself^ thug far fonnth 
is that either attached to certain editions of the chart or contained 
on an accompanying leaflet. This, however^ is very brief, and was 
chiefly intended to instruct, mariners in the use of the charts If alley 
points out that in certain regioits where the “Curves^’ run ,suitably 
they nin}" be used “to estimate the Longitude at Sea thereby.” To 
his lines of equal “magnetic variation ” he gave no lii.siinctive name, 
simply referring to them a.s tbe“ Curve T.ine^^- ■ Thun lie say^ j Wliat 
is here properly New is the Curve Lines drawn over the several Seas 
to show the flegreei of the Variation of ihe YCagnetical Neetllo or Sen 
f'ompa.^.^.” lie doesj however, use the term “ Line of No Variation/* 
For some time these lines were referretl to by others as the “ Rallcyaii 
line^/" llansteen a century later introduced the term “ bogonic Iincii*” 
whitli is noTV generally adopted. Awwltng to Hellmann, there is 
reason for believing that some attempts hinl been made before those 
of Halley to give on a globe or map a graphical representalion of the 
direction in which a compass nocdle pointSv It is conceded, however, 
that llalley-« was the firrt. siiceessfiil attempt; his “variation chart 
was the fir^t magnetic chart based on piiflicient ub^rvational data to 
give it inunediately both practical and SJcientific value-" 

After the publication nf his diart“thc moi^t important contribu¬ 
tion to tlie observation motcrinl of terrestrial mdgnetban jit Uie 
time—^Halky made no farther attempt to establish a theory or to 
improve on his early magnetic speculations. He appears finally Uy 
have adopted the view so clearly formulated by Prof. Turner^— 

Itmt tUf* perte^iUoa of the uoeU for aliflervbtioiiri. fnLiJi thaL NciitLtMhLn^e viu 

eomp" cif tlkPiD. otifL tho vddlL ofiid. enetsy to act oii Uiat fplih—laeae quoU- 
tfea. alt of wUleh are pomsseU bj aoj W[»rthjr tbo ndiue. jit leant 

an m^^h to iId wltb the of jidra€« ns fiamiolRtlEio of n itieory, 

uf m CDin'el tlieory. 

■^HKhw iBtcTMtcd In C.li* hbftor^ uf Uw Ballsy ebarti a»y Iw r^fnm^ ia fh# imrlukit 
■rtlrlM hf IL A. Uauif-r la Nalurv. MaI’ p> aod In T^rr^AtrlAl MmtarUABi, 

Jbiii]ai7k AftiJ &?ptir|slfc#r. tiir Jait-MKwHl ivfrrrtst^ *!» irodtalBa « tf^pUitlna 

hf J. l\ Anil aad w. r. WaIIN nr tht toAenrUc itsattM obtAlan] mfi llBltFj> 

^McmtitAfae ABri to AOtbm ot tb# -wcoimI And rrrljN*a ^UkaD 

llAn«7 Cbltt. Abd of to thipd uTOai. ^uhlljitud In ^H^BfiAftlnn With tti? a ihelaII 

tfKt, "Aa aennaal of to Htthodi u«iid tn fin Dr. Uhllej'^ damrl of th* 

IWTAgtlAMlA Olto, PllPiritlg to TATlilkni £>f Uit DHiAn^Kc dsmU* AboBt the Jtmr ITCa la 
Alt tiiv kodWti HAH. Lnae^n. iTfiA^ 4 *.'^ Tbla tnct wb» araIo oi3blhihi?i| In 1TJ44, 

*rT«iU Addrpi*. Brt^ AAi»f. 1^11. 
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We find Hnlley embf Aciriji evfiiy occttaioD— 

to recammenil to all Mastem of Shlpn atiil aU othei^ lovtrt of Matnrtl Tnitlui. 
thH T tl»ej iwe tiitlr ntniciiit DLlUtooca to tniikp. or procure to be made, Obaervo- 
tIoM lit ibenv Variation* in nil jirtils of llic World, tttiil Unit ttiof please to eom- 
UHnIt-ute them to the Ufyal Society In onlor to leave a* eoniplcjii ti Hlitfory as 
nuiy be to tbone tbai ore bereafter to <^nH«re all tftnetbiw and lo cotntileai jinit 
I«rfect thlJ* alwtruae Theory. 

ConsnltXTtf: the minutes of the Rni'al Soriety. it 1=; found that 
Hnllev communicated, from time to time. t>ie itsiilts of magnetic 
observation) m*eived from various expeditions, as also the vailies 
of the magnetic dcofination observed by himself, nt Iiontlon, vik: 

ITOI May 7. -Mr. HflUcy tried the esiwrimcnt of the Vnriitilan of ihe S'ceiUi* 
Ibm day with the iwo ne«ll« he lutd with liliu lo Id* late VoyajEe: f.u,J Uy ilio 
line the Vnrlattou was 7' -DC ; by the other. «>' VT. ^ 

ITOS, Jaly H—Mr. iTnllcy obaenwl iho Vnrlutioa of the Needle, which waa 
ruund to iM* 8J* \\‘«ttwnhi, or very in^r it. 

ITIC, May 24.—*Dr. Hnlley rojiortecl tbnl he had dniwu n Meridian [due on the 
*itone erected Iti the Society'a yanl before the n‘[irt«llory and tliai the Varlni5i>n 
was fiUtod at pietfiit to he full twelw dettrcea 

Xliese. observations of the iiiagnecic declination of It01, liOS. and 
niO a» perhaps printed here for the first time und sire not found 
in any of the compilations of magnetic declinations at T/>nt!on pub¬ 
lished thn,s far. Only llidley's earlier observations, namely, tht«se 
of 1672 <9® SO* W.), 1683 (4* 30' W.), anti of 1693 (0“ 00' W.). huv- 
ing been given by Halley himself in his printetl papers of 1683 and 
1693, have become known to eompilers. 


rHAVPK OF THE MAGNETIC OBCLINATION tN THE ATI.,ANT1C t»CE,\N 
SINOfl llAIiLEVS TH-tHT. 

Tn view of the fact that the two veswla—the /»firwwi(»ttr /'inf- and 
the f7orn«?«f—both being primarily dependent for theii* motive 
power upon the prevailing winds in the Atlantic Ocean, have fol- 
loweil neorly identical courses, it will be a matter of no little mter- 
est to compare the values of the magnetic declination given on Hal- 
chart f«r ITOO with those obtained by tlie t7amcff)V in her 
criLiise,s in 1909-10, We find first that over the entire Atlantic, from 
,50“ W to 40“ S.. the north end of the compass needle in 1010 was to 
the of the compas direction of 1700 by amounts varying with 
Incitin' Thus for various important ports the approximate change 
was u-s bdlows: New York, e“.0 W. t St. .lobtLs, Xewfoundlimd. 14“.6 
W ' Falmouth England. lO'^A VV.: FimchaL Madeira, 15'',e W.; 

5,™,^ lo-i w.; Pon. Tllco, T".C VV.: P.r., B™!. 14-.« W.; 
Rio de Janeiro, 30“j8 W.i Buenoe .\ires. 13“.0 W.; Cape Town, 

10“.2 W. 
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If we follow u line pacing through t iu^ points of tuoximun) ohmigo 
in the Atlftatjo Octatt* we find for tlic folloiving pointB t 


af tkn mQijtnciic in llOQ end 1910^ 
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We see, accord in gly^ ilie compnEs direction, in the course of 

time* suffers large changifi^; for the region umd time interval cop- 
gidere<l the changes vary from about A* off Xew York to 28“ in the 
Atlantic Ocioni about roidway between Buenos Aires and Cape Town. 
Even these amounts may not represent the total or niaximum change 
during the period in queation. 

Equally to be noted with these large changes with time is the 
important fact that the amount of change is os dependent iJpon 
locality as la the prevailing compass direction itself, which for over 
four centuries hm been known to be anything but “ true to the pole/^ 

We have thus had itnprt*^d upon ns ilm important fact: Two 
sailing vessels cruising in the Atlantic Ocean from port to port— 
the one in 1700 and the other in 1910—were forccfi by the prevailing 
winds to follow^ very closely identical courses. If. however, these 
twti vessels had been directed to follow certain definite magnetic 
courses, and if we may suppose that they had such motive power 
os to render them independent of the winds, then their respective 
paths would have diverged considerably. For example, if the 
C<tmegie had set out from St, Johns, Newfoundland, to follow the 
$^me magnetic courses as those of the Pummmir instead of 

coming to anchor irt Falmouth Harbor (pL S},fihfl would have made a 
landfall somewhere on the northwest coa-st of Scotland^ In brieft 
while the sailing directions as governed by the wind® over the 
Atlantic Ocean are the same now os they were during Halleys time* 
the magnetic directions or bearings of the compass that a veo^l 
must fallow to reach a given port have greatly oUei'cd. To quote 
from the suggestive essay on terreBtrlfll magnetism by John F. 
Herschel l * 

Tbi! iMHllKuration of mir iflobc—tbe distribution of lenipcrjiture ta Its In- 
terror, tiiv Ude« and currents of Uie cKcan, the general coarse of wlade ami \hv 
affeetlous of cUiiialt—wlialeier slow ebanpeaa puiy be Induced la tbem bj thaw 
tevototloEiM wblcb geology traces—yiet remain for tboasaadH of yeftrs □ppr^’cLtbly 


1 Eortjf. ttam I be Edlnltumb *nd Qairterrtj IleTlewi. with wJdrMsei jtnd otbpf pl4Mh 
by Olr Jobtk F, W« Heriiebf], LoDdoa, IBST. pp. 
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lionAtAiit. TTic niMuAMDi whlcii iSTOifl or ojipwca ihs proBiws *1 Uie aiMisiiif 
aJung tho E «1 Sf». U UM! ■ imi.' wlUcli wiJifid to and fno lie eilvs ul SolomoB. 
Kteraftl wnowa oevnpy tJ» sanio rogloirt auJ wiliea U)* «ime muantalna. and 
aprlnsa well forth M ili& elevated tempemforo, from ihe mme MttrccB. 

now ns 111 the enrHwi recordecl lilslorj But the tnagnettc «ete oX onr globe 
IR one or Bwlft nnil wtmelew ebJuiBo. A few reira suffleo to iiUer miitcrtally 
ma tJie Injiae of li*lt a eentnr? or b oemury to otilltorate aud wiiurlctely fe- 
tnodel tbo romi nm\ slluntlon at those llJjis on Ifo anrfflee which is«iaPfrr« have 
supiHsca to be drtiwn In order (o plre tt Kuoetal nnd craiihlcal view of tli« 
tUrectlon and Intoaoltr of tin* imignellc forces at otiy given skhiIi. 

UBIlAtiDtXii I/JNUlTtTDK DETEKMINATlOXa AT SEA. 

One iiiiportnnt result of Halicy's voyage and of the publication 
of his chntl w &s the awakening of renewed mterest in the improve- 
ment of methods for determining the longitude at sea. Keculling 
ITallcv's instruclionSj we note that one of the objects of his expedi¬ 
tion was '* to improve the knowlcilge of the Longitiifle. * 

IVhen the discovery was made that the magnetic ilecUnation varied 
from place to place, the idea immediately occurred to Columbus, as 
also to Cabot, tlmt the longitude might bo determined at sea by means 
of ihifl fact Antonio Pigafetta, who accompanied Magellan on 
his first voyage around the world in 1S29, detitutely proposed, in 
his book on navigation, this method of longitude determination. 
Tlie line of no magnetic decimation, which at that time passed 
through the Azores, was regarded as the natural meridian from 
which to count longitude. IVlicn later it was found, us was first re¬ 
marked by J. do Acosta in bis Historia Natural: Sevilla, 1590, that 
there were four such lines, it was again thought that these quadrantal 
divisions could be utilised for reckoning longitudes. In 16*1 Charles 
H appointed a commission to examine into the pretensi™a of a 
scheme devised by Henry Bond for ascertaining the longitude by 
the variation of the compass." 

Halley's chart, however, definitely showed that it would be, in 
general futile to attempt to determine the longitude by meana of 
an element so variable and so irregular in its distribution as Ls the 
magnetic declination. Nevertheless, the hope that some magnetic 
phenomenon might yet serve to aid in the solution of thia problem 
did not dio immediately. 

In I7i!l we find William Whiston, Newton’s successor at Cam¬ 
bridge. installing dip circles on a number of vessels, with instructions 
to observe diligently the magnetic dip in order to determine whether 
by means of lids element the longitude could be better found at 
sea than by the magnetic decltmition; he likewise hoped thus to 
determine the latitude at sea. 

It is also interesting here to note that when Dr. Johnson was 
at Oxford, he gave in 1756 to the Bodleian Library a thin quarto 
of 91 pages, entitled ■‘‘An Accoimt of nn .\ttcrapt to ascertain the 
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f^Higitude At Sea by on exact Theory of tli« VjiPialion of the Mag- 
neticftl Needle, cte,,^ by Zachariah Witlmms, published at London 
in 1755; Johnson entered it Tvlth hia own hand in the library caU' 
logue. Eo&wdl relates that Johnson hinm4f wrote the English 
vor^inn for Williams, and, in order to inake it more extensively 
known, also lind an Italian tramlation prepared by his friends 
Signor Baretti. 

For folly three centuries the ideo that the tongitnde could be de^ 
termined atseii with the aiil of some magnetic element^ iliongh proved 
to Ik faltiicioui%, a must useful porjicxse by furnishing the nee- 

esMJiry incentive to observe the magnetic elements This is a striking 
illiistratiun of tiie souiidne£» of the posrition taken by Ma^cwell when 
Iifi ?iaid t ' • I never tiy to dl^u&de n man from trying an experimetiti 
if Ik does not find what he wants, he may find out something else/* 
It indeed true of these magnetic longituik seekers that they 
failed in their purpose, hut they contributed tlaia of inc^imable 
value to tlie advancement of our Imowledge of the earth^a magnetbm. 

Before leaving this sid>ject it might be said that Halley himself 
proposed an astr&nomiral method for solving the longitude probtemf 
and. with Newton, he was responsible for the act of IT14 offering n 
re wart! to any person who should devise a satisfactory method for 
tlie determination of the longitude at sea. lip also improved some 
of the instmmeuts used in na vigatidn. 

.\nother result of Halleyvarious voyages det^rves mentinn here^ 
chough not immediately concerned with tlie subject of our lecture, 
nameiy, hisi theory of the cause of the tnule winds*" On certain 
intitiorLH of his Variation Cliart there was given, in additinn to the 
lines of equal magnetic variation, a ^ View of the Generali and Coast¬ 
ing Trade Winds and Mon.^onsor Sbifting Trade Windi^^*^ 

(S>MPhKSilTX OP THE EARTH'£? UAtlHVlTlSM. 

Reference has already l>een made to Halley’s ettempla, before his 
magnetic expetlition, to establish a theory respecting the piienomena 
of the compoi^ needle. Thus in 1683 he publidied in the Philo- 
sopbiiial Tran^etJons of the Royal Society Theory of the Varitt- 
tiDti of the Magnetics! Compass,” and in in tlie same Truusac- 
rioos, Account of the CausK of the Change of the VariatioiL of 
the Magnetic Needle,’* 

In these papers llalley reject^ the hypothesis which had been 
accepted up to that timej and on tlie basis of wlueh elalwrate tables 
of the magnetic declination had been con^truetetl by previous in vest i- 
gatorsT namely, that the directions o^umed by n compass needle in 
varioii*! parta of the earth could be accounted for by a simple magnet- 
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iz^tion i^BraJkL lu * dlBineter ao ihflt tlie magnetic poles would be 
dimnetricAliy opposite to each cither. While the rom-liLsion reached 
by him that ■■■ the whole Globe of the Earth is one great Magnet hav¬ 
ing four lEagnetkrtl Pole^^ or Points of Attraction, near each Pole of 
the Ecpnitor has, in & c^ertain sense^ been found to be incomet 

nevertheless^ this view appeani to iiave been tlie first definite recog¬ 
nition of the hetei>:igeoeity oi‘ complexity of the eorth^s magnetic 
condition^ 

Tlie lnt•reaKe^l knowledge giiineti from magnetic snrieys sincre 
llalley^s time has taught that the more carefully a country lias l>cen 
explored, i. the nearer together the poinLs at wliicli the magnetic 
elvincnts have l>een determined, the greater is the number of irregU' 
larities usually shown by the so-cullod jsomagnetjc lines; in^leed^ re¬ 
gions have been found wia+rei no system of lines can adequately and 
eorret^tly represent the prevailing magnetic conditions. We have 
learner] that the regularities in the diBtributiou of the earth's mag¬ 
netism, far from being nomial features^ as was once tJiotigbtf are, 
instead^ the abnormal ones* and that the irregularIti^ are the normal 
anil to-be-espected phenomena. 

The mognetir forces, measured at any given point ou the earl I vs 
surface, appear, according to various iiiialyses, to be the resultant 
effects of (1) a getieral or terrestrial magnetic field due to the general 
magnetic condition of the whole earth; (2) a general terrestrial dis¬ 
turbing cause which distorts at the place of ohservation the general 
inagneiic condition of the earth; (3)^ a disiurbing effect c^hiitiiiental 
in extent; (4) a regional disturbance effect due to low-lying mag- 
neti^d sub^attecs: and (5) a local dbrtiirliance due to the ntagnetizeil 
masses in the immediate vicinity^ 

Xo formula Ims os jet been established which will represent the 
observational facLs within the error of ohservution, in fact not even 
with sufficient accuracy for the practical pijrposet« of the surveyor 
and of the mariner. 

TEIE l^tRTfrS ir.\GXETir POLES. 

We have noticed that Halley, as the result of lus study of the 
uhservationB of the magnetic decIinatiorL bh far as they had become 
knt>wn up to 11583j rcucbed the conclnaion that the earth Imd “ four 
Magnetlcal Poles or Points of Attniction-'* Soiue confiiaion has 
arisen as to the precirie meaning w hich Halley attached to hla poles.’^ 
Owing to his alienialive term—Points of Attraction ”^^rtain 
eminent writers have sought to identify Halley’s stipposed four mag¬ 
netic poles with the four foci of fnaximmni total magnetic force* 
whose existence appeared to be indicated when, near the middle 
of the nineteenth century, it became possible to construct a chart of 
ihe line^i of equal magnetic force. By this incorrect inference these 
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atjiliora hjivi? uniA'ittjjigly credited Halley ^iih a discorery which, 
id the absence at tlie tinw of any obserYiiiion wliul 5 <K?\ier respecting 
the strength nf the eurth'g magnetiu force, ho could not possibly 
have tnade. Tha real merit and purport of Halley's deduction has 
thereby been objured. The ohsercation mnterinl at Halleydk- 
posaL before he hitnsejf enriched the muterial during hk voyages^ 
cottBiated of some miseelianeoiis oba^rvations of the cojnpa*^s ibrecllon 
und u few values of the ma^etic dip. A« him b<?en said* there were 
no observution-H of Uie magnetic foi™, fur the art of measiirlng thk 
t^lenient bad not yet becume knowm. 

Scrutiuking care fill ly hk tsi^amy oli^rvation tnaterialj Jlallcy no¬ 
ticed that the direciicm of the compass needle did not changie from 
place to place La the eimple way it would if, for o^cntnple, the eartli 
had two magiieiic pofcs diametrically opposite encli ether. In the 
latter case the needle would iset ii.sdf tangent to tJie greai circle piis- 
ing through tJie magnetic poles and the place of observation. If, 
them die Compaq direction were known at tw^o places fiufficieiitly 
far apart the pcants of intersection of the* two great circles drawn 
respectively tangent to Ihesi^ compasiii directicuLs would ho the two 
liiarnLirlcally opporite magnetic! poles^. it is such |>ulnts of inter¬ 
section—“poinb of convergence,-^ as Hansteen laler called theiCH- 
which Halley iiad in mind hs ^ ^lagiietic Polca?,” He was the fir?t 
to pefrrive dearly die fact—abundantly verified since—that the 
various points of convergence os found from succes^ivo pairs of 
compass direolious, in the manner just dewribed^ do not fall together 
m they ishoold on the basis of a simple or regular mngnetization of 
the earth. However^ it appeared to Ilalley, and the same conclusiort 
WHS reached over 100 year^ later by the illu^rious Nm wn*gmii mag¬ 
net irioji, Hansteen, that the several points of convergence grouped 
themselves in a general way about two loubi centers— 

udiii- m^h iif thK Equator Two, anU tfint la Uioso fiirtJi of tM WorlU wlilch 
He near adiucent ta nor one oi Oww? MafmcUcal Foies (he la coveni'a 

therehv. tLe oeareai hdna nlwnys prcUomlnon orw the njore rcomte. 

It will not bn well to by greater ssire^ssi upon thk deduction nor 
upon those in hk liS92 paper, where ho seeks m account for the exist¬ 
ence of his four •* Magnetic Poles and for tlie secular variation than 
lu Bay that Hailey drew' the best poaslble eoucIusionH the material at 
Jiis disposal permitted. In factj his coneltisiunfi were not materially 
improved upon uniil a century and a half later, when a much more 
complete knowledge of the distribution f>f the earth's raagnctkm 
had been gained and when tlie various malheuiatical attempts which 
had been made to compute the magnetic eleuients on I lie basis of 
more or less intrieeto hypothesea as to the eartli-a magueli^don, 
had been found to be inade^iuate. Some later investigators, indeed^ 
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Map SHQwiNa the^ TFrACKs Fdllq^a^eo By THE*'OAuue'‘ m the Pacific Oceah, t 90&“]90ei and by the 
Caaheqie" \h The Atlantic, PACiFtf^ and Indiaj^ Oc>eans, 1909*1913. 
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PUATE 5. 



Duperr^v'S Chart of the Magnetic MEnioHAHS for 1S36, 

Uf Ilia pflrth wcr« uiiUarcnSy mnjiniittlB pcil^ w^rM lx? lOmkil rlLuHctrLtfmily 

^jptfpjiLtd n4i4 Aiinihcf. However, bom-iMC uf tliV i.fiFUiilflv'JFlty or tbo ■Burlh’'i inJuiorcJi- 
Him. Iho 4'onn«llnjf tlie two pot h ptww Slifoyirb llie t.-mli TM mlliiri dkytihi Ipjli ihv 
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might luive Hpiirt-'d rlle^D^c^h'o^^ consickn-nhit* pnlns had thtsy previously 
fimtLiinFized thetiLselvea more thoronghly with Halleys work. 

When we to-duy ipeuk of rlie ea^lh^s magnetic poles, it ift generally 
retogniied thnt tlKKte points on the enrtli's surface are meant where 
tlif dipping needle stands precisely vertical and where th4J magnetie 
dip is acscordingly 90^. TliUi definition permits, with the aid of the 
flipping nee^ile, of a precise determitmtioij of the magnetic poles, 
tltougb, of cdurNC. il iniist cot be undenitoocl that these poliM are 
motheijiatical points; the area over whit'h the dip may he found iu 
be within the Uistnimeutal means of determination, may^ in fact, 
be sevemJ miles stpiare* A more f>r less estensivne rnagnetie sunder of 
ilie regiun rotiind about would be rcquinid to eliminate the possibility 
of ilifiturbing Influences owing to local deposits of iron ore. At tUese 
■" Poles."^ since the magnetic force e^ccrtcd by the earth ia lill up and 
tiown. with DO side component, a compass needle would have no 
directive force acting upon it* Some distance before reacbing the 
magnetic pole it would become slugghdi, ond directly over iht pole 
itself it would be of no more ujse than a brass needle to indicate any 
dednite direction. (For cluirt of tlie magnetic meridian, ^ pL 5.) 

Excluding for the pretieul the purely “ local magnetic poles (pL S, 
tig. 2) cau^ by extraordirmry locai] deposits of attracting ma&iea, all 
obsarvatlons to diite show ilml iheie; ai^c but two such poitiU ( or areas) 
wdiere the dipping needle stands vertical* one in the iJorthern Hoiuis- 
phere, located by Capt- James Clark Ross in fluiie^ in latitude 
70^.1 north and longitude £nS** 8 west (pi. C, fig* 2),* and the other in 
the Soutlierii Hemi^pliyre. lying, according to the obsen’ations of the 
j'eceni Antarctic expcHlitions, about in latitude 12^ J south and longi¬ 
tude 150^ east. Tlie magnetic [wlea. therefore, are, im the average, 
about 1,200 miles from the geogi^phical polesL Owing to the asym- 
raeirical distribution of the carth\^ magneti±uii, the magnetic pole^s are 
not difttiietrieally opposite each otbcrj even if the positions given 
applied to the same year; in fact, the perpendicular distance from the 
earth's center to tite eliord conDecting ii\e magnetic fjoles is about 
T50 miles* 

Let us suppose, now, that one explorer starts out from Oxford, 
where the compass poiuta at present about 16^ west, and follows 
111 ways the direction shown by the nortli end of the compass nt^la, 
whvreflfl anntlier starts north from Washington, where the^mpass 
bears about 5® west, and follows likewise the direction of the compass 
needle* The patlcH thilii traced out by them arc the so-callo^ mag¬ 
netic meridians,"' which, owing to the irregular way In which tlie 
earth is magnetis^ed* would not I>b straight lines or arcs of great 

* Durlaj: r«pl. Aiatiniliwii’* c^mpl^^lon *1 tUv KrtrtJiwHrt Puup^.-lOoan^taoT, ■!» 
raidH- flU^rnUlwHJt with, m, TluW ta turtiltnt Lh* north pole, tac tt# rwilUa* 

iKM^nimi tiAft aot pabUibcd, 
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cirelefs^ but mor« or leh& devious Line^. C«uld thc^ luflguetic merle]- 
ihns be followed ittto the Art-tie rcgioius^ they would be fiHiitd to 
intersect v^i the north magnetic pole. 

Owing to the irregular distribution of Uie eiu'lh’n magnet ism, the 
I>oiat8 ol greutesi inteD.^itj of the total nuignetlc force depart widely 
in their locations from the magnetic pole^s. Thus there are in the 
Norlheni Heinij^phere two distifirct nia^Linia of total magnetic fon'e^ 
one in the northeast of Siberia and tlie other hi Canada to the 
wc^itt approximately, of Hudson Bay. A magnetic fnirvey of the 
latter region is being made thi±i Hummer by an expedition sent out 
by the Department of Terrestrial Kiagnetism. 

IKJ the: JUMiNKTlf! VCn^ MOVKI 

PtJt^ibly the nwn6t fn^pient cjiUHdion ashet] uf ilioce engaged in 
inagtieth- Work is: Do the luagnetic poles more w\ih llie lapse nf 
years* and if so* why?^ Unfortunately, as has already been shown, 
there arc tin dina^t observation* as yet on which to base a deJintte 
statement. But it would be singular* indeed, if these points remained 
fixed and were not affected by ductnaiiona aiich as are now known 
from three centuries of ohservatioiLs to exist In every one of ihe 
rartU^s magnetic pbenomenn. It is quite possible, in facU that the 
iiifignetic poles piifs through certain motions even in the <'c>nrse lA 
II day or suffer dLsplacementi^ during niagnelic fiioriiiii, 

diagnim (pi. C, fig- 1} allows the changes in Uie dlfcciion of the 
ctMjpass fmagnetic declination), as well m in the direction of the dip 
needle (magnrtjc inctiiiatiiiu)| ua far os knowm for Ijondoin Balti- 
innre, find Boston. Imagine yourself, if you will, standing nt the 
irenter of a great niagneti^sed nvcdlc so su%endeil as to be free to 
a»<ume tlie direction actually taken by the lines of magnetic force nt 
tlio place of obsenatioa, and let m Hiippose you are Iwking toward 
rlie north-pointing end of the needle* Could you gaze long enough, 
you would see a curve dc^ribed in tqiai'e by the observed cml of tlie 
neeflk. This curve would lie on a jrrphere whose radius b the limlf- 
length of the siL^pended needle and for grapliical repre^ntation wr 
iiiay take a eenind projection of it on a plane tangent to the sphere 
at about the middle [mint of the curve. The curves here given were 
conotnii-ted by me with the aid of the accumulated obs^rvatioua up to 
about the course followed by the rteedle since ISO^ will be dm- 

enssed liler. (PL 6, %, 1.) 

A nunfcr of interesting and instructive facts follow from these 
curves I (line will permit us to our attention only to the chief 
ones* It h that at London, for example, the compass reached 
iis maxinnim en-^riy direction of about IV in the year 1580, hence 
iluring tho middle of Queen Ellzabeth^a ihereafter ilie easterly 




Pi_ATe 6, 



Fia. l,*-Cu«vES SHOWINO THE SeCUL^^R CHANGE 1N THE MAafiETlC DECLINATION AND 
IN THE Dip at Lohoon, Boston ^ and BALTiMOflE. 
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Fio, 2 .—Mai* of Region AtotiTTHC MAftHtTic Noftth Pole, Indicating how the 
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(Jirection began la diminish until about 1058, the year of Cromwell’s 
death, when the nevdk bore due nortli and then fiwnng over to the 
wc 4 *t, ctmtinuing to do so until it reached a maximum westerly direc^ 
tion of somewhat over 24in abotd )Rt2. Hence in the interval of 
about 332 years (1580-1812) the compuBs direction changed at Lon¬ 
don from 1“ E. to 3t" W., or 35". At the present time it points 
about 15§" ’I'"., or nearly tt® less than in 1612, and a most interesting 
(|Uesti(in doubtless immediately occurs to all of us; Will the freely 
atiapended magnetic needle ever retwni precisely to a direction taken 
at some previouB time, or is there any definite i:yclc of changes which 
will reiieat itself from time to timef 

Here again no xlmlly definite answer can be given, primarily 
liecause of the fact, as will be seen from the diagram, ihal, if there 
be such a cycle, it etuhraces many more years than are covered thus 
far by the" interinl of observation. For aome Euro[»an stations, 
e. g., Paris and Kome, the oltsei-vatitm iiitcrval ip Miiiiewhal longer 
than at London, but still not tong enough for definite prediction as 
to the future course of the magnetic needle. 

The diagram shows also that in tlie United States ilic changes 
in ihc compass direction, as far back as they arc known, have not, 
I wen as great a« those during the same time at Ijondon. Thus, at 
Eultiioore, for example, the compass appears to have reached a 
maxunum westerly amount of alanit 6.1“ near 1670, and a minimnin 
of I" in 1802, after which, instead of potting tJirougli a /.ero value as 
at London in 1658, and swinging to the eastward, it turned back and 
began to increase its wiiderly direction imti! at the present time the 
amount U about 61“, Thus, at this fitation the compasss direction 
passed from a niaxinium to a nuninium in about 132 years and the 
total change was but 6^“, or only ouc-sijctb to onc-sorenlh of that 
at London. 

In brief, the farts revealed by the known compass changes in 
my country' can not lie brought in harmony with those witnesi-cd in 
your coiintry, imless we assume tliat the length of the cycle of 
coinpirte change is many tituft^ longer than merely twice the |ieri*al 
bctw'oen a muxinium and a minimtim bearing of the eompasis., Theri: 
are evidenevs fnthermore, into wltich we can not go here, to indicate 
that tins cycle uf ctiunge at one station is not of the type which 
would result wi re we to close the apparently nearly i*ompletcil 
cwrv'e at London hv uniting tlie two ends in some simple maimer. 
On the contrary, the eWdences point to cycles witliin cycles and to 
the probability that tlie secidur variation curve, instead of being a 
single closed curve, may consist of .smaller loops within n larger one, 
etc.: it is even quest!otiabk whether tlvere ever will be exact closure 
of the curve. 
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Thei*e is at present another matter of no little interest. ^y]\h rej^trl 
to England which should be pointed out here. It will be seen from 
the London cun^e that the dip of the needle below the borkon 
reached it« imiximiim amount of 74,+® in about 1088. At this tiirm 
the compass ehangoti its direction the tna^eimiim amount of 13' per 
jenr, Tlie curve would s^eem to indicate that the time of a miniinnm 
dip is now approacliingj this pha«e has fllready occurred at Pawlowsk 
and seems to be now taking place at Potisdam and is fmveling we^t- 
wanlp IJlTiether it will reach Lonilon niifl when can not be answei'cd 
definitely* However, it is a matter of no little interest, in this 
connection* to observe that the anniial amount of change In the 
compose? direction lias in recent years recei ved a remarkable accelera' 
tion in thh part of the earth. Thus, as is show^n by the mngnetie 
observaton' r&corda^ it has almost, steadily risen frutn 4' per year in 
1902 to about 9^ per year in 1912, Whether IhiH portends an early 
approach of the pha.se of minimum di)? at Lrondon is one of the many 
interesting questions conti nil ally arisltig respecting the perplexing 
pbcnotiicna nf (he cprth^s tnngnetmn. The course of tlie rieetllo 
:^inco 1890 has been abont as shown by the arrows thus in 1910 the 
magnetic dedination was npproximatelv 15,9'’ W* and the dip was 
Ge.9®, 

One thing morc^ Note that for cfl<'h of the three curves ds far 
as drawn, the motion of tlie freely suspended msgiietic needle has 
been cloekwiae, j, c,, the same the motion of the hafids of w watch. 
Thk fnclj as shown by the entree in other ]iartE of the worlds cun- 
^tnirted with the aid of the a^Ttilnble observations, appears to hold 
generally in botJi the Northern and Southern Hemispheres, except 
for certRin retrograde motions which thus far have not been of the 
“.ame extent as the direct one, although, of course* it is not affirmed 
(hflt they may not become so later. Such retrogmde motions are 
at present being experienced in certain parts of the United States, 
Thu?, for exiitnpio, the compass pointed in 191Q 0,25® W, at Bnlti- 
more and W. id Bo<stont and in the same year the magnetic 

dip Was 70.9® at Baltimore and 73.1® at If we plot the^e 

values on the diagnitn, we ishall find that the curves for Boston and 
Bftllimorc, liiirtcad of progressing in the direction of the arrowy 
[lA^ed through a scconduiy crest about 1895 and then bent over lo 
the left \ how long this will continue can not be foTetold, 

T^e quest ion m to the cause of the irmarkahle changes from time 
to time in the earth's magnetic condition, as indicated by thesffi curves, 
has bwn a fruitful source of speculation since 1534* when Gellibraod 
definitely proved the fact that the compass direction vari^ from 
year to year. Some of the best miad?^ have been engaf^d with the 
djocovery of the cause, but the riddle is still lunsolved.. Hence ns 
regariis the actual motions of the earth’s magnetic poles and the 
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prBcisc cnust or we mny siill say witli Ilallev tlint these nrc 

'* Secrets an vet utterly iinknowii to Mnukint), and are reserv’d for 
the Industry of future Apes.” 

A mathemattca) anulyslB of the accumulated material shows iliat. 
ill order to find an aderjuate ejcplatialion of tins secular variatioo of 
the earth’s magrnetism, we must reckon with systems of magnetic 
or electric forces having their seats bfJth below and above the earths 
cruet. There would also appear to be some evidence that in ndfli- 
tion to a motion of the magnetic poles or magnetic axes of the earth, 
we may also have to take into account a [jossible diminution in the 
earth’s magnetic moment or iijtensit 3 ' of naagnelizatioji. 

TilE ORJfilN or THE E,ASTli'S MAO^tETISM. 

Before concluding this lecture, we ought, perhaps, in tlie few min¬ 
utes remaining, to say eomethitig regarding the status of the ever- 
recurring question as to the wigin of the earth’s magnetistu. Assum¬ 
ing that the magnetiam of our platiet is uniformly distributed 
throughout its mass, it is found that tlie average intensity of mag¬ 
netization IB only about one ten-diousandth of very higidy niugnet- 
izvd bard aieel. Prof- Fleming, in his very suggestive popular 
lecture* on the ‘‘Earth, a great magnet,” given at the meeting in 180*1 
of tlip British Association for the Advancement of Science, made 
this statement: 

Tnkca as tt whole, the wirth la ii f«*le DinRii«’t. If our aloba were wboll;^ 
maile of steel oem! maKnatlsed as hlaliJr aa an ardliiarr steel-bur aiflimet, the 
nuia&etJc fotcea «t Ita aurfeec would be at 1«iat l«l tlmra «ts great ua they nre 
now. That Plight be an edvaotage or a vety great dJeadvaaiagc. 

If, however, we could penetrate the earth’s crust we would find 
at a distance of only about 12 miles a temperature bo great that, 
accorriing to present laboratory facts, all magnetization would necus- 
sarily cease. Hence, if the earth’s magnetic field arises from an ac¬ 
tual magnetization of the aufetances composing the earth, these sub- 
sUnrea must be confined within a comparatively thin shell. But 
the qiication immediately arises: Is this argument correct? May it 
not be that just as the point of liquefaction is raised by increased 
pressure, eo ift also the critical lempereture of magnetization. It 
may thus occur that the effect due to increaise of pressure with depth 
pp^^gtnttion more than balances tlmt diie to increased tempera to re. 
There are at present no wholly decimvc experiment which may be 
drawn upon to answer this query. 

The hypothesi!-; that the earth may be an clwtromagnet al^ mrels 
with diflicuUieH when we attempt to accoiint for the origin, direction, 
and maintenance of the required currents. In spite of tJio acciimu- 
latetl farts of over three centuries, we are still unable to say definitt ly 
to what the earths magnetic field is really due. Perhaps we may 
44^5*—eu 1013-14 
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im be iible to solve the riddle tintil the phy^kisl Riiswers for its the 
WliQi mji oiagnetl Wkot is iruigtiettsm in gcnertti! 

In the Devil s Dictionary by Ambrose Bierce* published in IfUl^ 
the following definUions aro given: ''Magneto n*—Something ftcto^l 
upon by miignctistn. Magnetism, n*—Something acting upon a 
mngnct." In explanation the autlior cynically remarks : ^"The two 
deOnUioiks leimediaLely foregoing are condensed from the works of 
1.000 eminent scienlisb^ who have illumimited the suhj€X^^ with n 
grraj white Ugfat^ to the inexpressible ailvancement of bumnn 
knowledge*’-* 

A line of thought first MiggestCfi by Sehustcr and Lortl Kcivlti, 
that every Urge rotating moss, diie lo an ns yet undiscovered caitse, 
may he n inagnetp slioulil be considercil in ciniclupiom though we 
may do so hnt briefly* I f this be true, then magnetism is not confinetl 
to our planet alone, but all celestjul bwiics are surrounded by mag¬ 
netic fields. Thus far no laboratory exp^^riment. pos^sibly ow ing to 
lack of mpiirtd scuisitiveneiSEt in the measuring instruments, luis 
tietcctcil any magnetic field arising solely froip" rotation^ Schuster 
and Swann have recently disicu5?f?<l the dtoracter and mtignitntk of 
the effects from the possible causes w'hich may operate if the earth s 
magnetic field be related in some imuineir to it$ rotation. 

In lOOD-lfKB Sutherland propounjec] a theory fur the origin of 
the earthV DiagnetiRm* whidiT briefly Btate<]^ h this: ^Ve know that 
rii^'tricity is jin €»$s»entk] constituent of matter^ and that in every 
atom, if it he clectricaliy neutral, there are equal amounts of nega¬ 
tive and pftsitivr. electricity. So with the whole earth. Since it U 
almost electricfilly neutral* suppose that the tol-al negative charge, 
while practically to the total positive one, occupies a slightly 
lUfferent volume from that of the positive eluirge, or. In brief. Liiat 
I he volume denitities of the t wo l^y charges ^ffer slightly, then, 
of the rDfatiDti of the electric charges with the earthy a mag' 
netic field arises. I have recently repeated Smtherlnnd^B calcula* 
lions aiid^ as I hud prcvioiisly foimd that the earth’s intensity of 
magnetirjition inereas^ed systeniatiefllly toward the Eqn^itor, I have 
me Imkd a term to represent such a possible effect. The romputa- 
lions sliow that to satisfy the known phenomena of the earth’s niiig- 
netism* the volume density of the negative charge mufd be smaller 

*Thw OFaniljotli jkhd rcEHarka ttiAt have lud tbflr orUtIti fen th* Idlfutf- 

tni |n(««tlDjc {meeante n&Sii m the Amerlfma Cff Berlews llKifl, ef the 

late Pn»f. SUnoo Keveamb. hj Mr. A, nei«tw|rk. AjuKlBt# ^itar *f the StADfli.ri| Ok^ 
tie(liTy. Of the 'djrAbttloi]i In plirelehl ■eJeiin' ler thle dlrtliTlurr Newcointj bid £iFii«ml 
eTer»l<lTit, iort dft nfte tHmOiiit lie lix* eiceptton Ka %h& d«Anme>mi fmeiied for Ih* word# 
“ CoAixn^t " iid mijfcietme ” u Iia^ed, In the ihWSMle of itUhorltatiTe htLO'^ledUe of 
ttit ■Itnp'ljf eipoa the pmpertiH miKLlfeited hjF tlie thlafi After *rrll|D]£ end 

i^riJilnff eJtemetelj' fer ee Iwtir m- more, lut (9 Billy wnfewird^ tvowerer. wilh ■ heirtj 
Jiiatrfi. that he bimieif oeuld oflrr nnthlea twtier tlum the fcJteirtnc ef : 

^.MiCrR-^* » flf wrUfliE mijnietlc nod aH.Rtintlc forces thff fore* 

exerted lOT ■ DUsarL'” 
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Fhx 1,— The Aurora BanEALts as rfist SuecEsaFULLv PHOToaHAPHED ar 
PROF. Carl Ctoerher, 

lEhLlli,-f WAji the dn^t IQ a conDHtlnn bftWL'i^n poiar licbtj Aud thi? CArth'i 

UiAglLtL-liHlA.j 



Fia. 2,-A local Magnetic North Pole at Treadwell Poiht^ wear 
JUNEAU, Alaska, as Disclosed by L. A- Baueh^ Observations m 
\ 900 A^D 1907. 

[I □. the ccut^r nf till) leEii ihAdLraLnjc MiKnl v^rtk^l, wiiFt thts north enrldonm, 

And itic rnmpA'* naYOTPrt Ki rtirMiioPi when oirrJcil fTram one jiKilu CiE Uk' [pm m 
the sHher. jHilpV ixympAiiett a TnUu •niflmgri^ in OAqUniiMiuK Channel, uru dp-t3i'i-[e<i 
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than that of the poeitive, or, in otlier wonR the enrth's total negative 
rlmrge iiin>:t lie distribote^l through the iarger sphere^* and. If that be 
the whole earth itsdf, then for the chief term mvol^'cd in the inag- 
neik’: p^>tential, the Biirfstce of the sphere'containing the positive 
ehnrge need he^ on the nA^crnge, only 0.4X10^ cms.. L e. four-tenths 
of the rad I us of an ortUnnrr mo tonile, below that of t he earth's 
imrfaeo to give a magnetic field of tlie r(M|uireti strength. Taking the 
average atomic weiglit of the cartti^a substance in round numt^ers els 
50; the tnenn Tolnme density of cither charge wonld be aiiout 3^Xlfl“ 
eleclrostatic iinitaL 

At pre-sent there Is little hope that a niafiticlie field, caitsed Just as 
supposed^ can be detecled in the laboratory. For a sphere of 15 renti- 
meters mdiier. rotating 100 tiniea a seconds the magnetic intensity at 
ihr poles would be but one hundrcd-mniiontli part (1(H) of that of 
the eortlL We thus see that the qiuuitiiiea involved in the solution 
of one of the great problems confronting the student of the cartli'a 
physics—the origin of the earth^s magnetic field—^ay be of siidi a 
minittc anicr uii to He Iwyfuid the ken at present of the laboratory 
e.x|>erimentalist. Perhaps tlic effectsi Iwome appH^-iahle in the C 4 se 
nf the earth becaTise of the fortunate fact that it h a body of suffi¬ 
cient size and angular velocity* 

On the other band* the geophysicist is at a great disadvantage in 
that he is unable to bring his earlh-inagnet into the laboratory and 
to experiment upon it—lo reverse the direction of rotation^ for 
example, and see what would happen ! Fortunately for him, bow- 
ever, nature to his relief ^mewhat and performs esperimciits 

for him on his great magnet on a world-widc scale, by producing 
in an incredibly short time manifold and at timcas iftariling varia¬ 
tions and fluctuations in the apparently fixed magnetisation of the 
earth* Thus, on September 25, !90J>, there occurred the most re¬ 
markable magnetic storm on record, during which* within a few 
mmute^s, the earth's magnetie movement, or intensity of magnetiza¬ 
tion, w*H altered by about one-twentieth to one-thirlieth part* TI 10 
earth^a magnetic condition was below par for fully tliree rntmtlis 
thereafter* As this severe storm was accompanied by a brilliant dis¬ 
play of polar lights^ this ia the mo^rt appropriate place to recall that 
Hailey made the first suggestion of a connection l>ctween the aurora 
borealis and the earths msgnetiiiiu. (Ph S, fig. 1.) 

It is firmly believed that a long step forward will have been taken 
toward the discoTery* of the origin of the earth s magnetism when 
once we have found out what causes it in vary^ in the gurprUmg 
manner shown by the secular or long-period changes, by the mapetic 
atorms, and the numerous other fluctuationit, such as the diumol 
variation, for example* Tlie keynote of modern investigation in 
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terxeetribl mAgDettsm, as in th6 biolo^cal ^eBcesy miiat sttraly be 
tha stody of the variations and mutations I 
Is it not probable that the very features of the earth’s tnupietisin 
regarded at one time iis defeclfr—the ** constant inconstancies,” a» 
an early writer t|uaititly put it—will instead become sources of help 
and inspiration from totally different points of view or in some 
entiwdy different line of ihougiitt TVho knows of what import the 
riddles of the earth’s magneliBm, characterwed by eminctit physicists 
ns being,* nest to gravity, the most pusaling of natural forces, may 
be, not s^ply to the magnetician alone, but to all interested in the 
steady progress of the physical sciences? Thus Schuster suggests 
that ^ atmospheric electricity and terrestrial ojagnetism, treated too 
long as isolated phenomena, nmy give us hints on hitherto unknown 
properties of matter.” ** The field of inveatigatiun mto which we 
ate introduced,’* says Maxwell, ** by the study of terrestrial niag* 
netisn, is as profound as it is estenaive.” And, says Sabine, one of 
England's greatest and most enthusiastic magneticians, “Viewed 
in itself and its various relations, the magnetism of the earth can 
not be counted less than one of the most important branches of the 
physical history of the planet we inhabit,” 
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We nre totally igaornnt of the begiamiig df the workL DoTing 
tlie last cejituiy the hypotliesib nf Luplac® adJ Kant that ibe planets 
proceeded from the son nnd ^vere east off hy the rotation of it eojoyed 
wide cn?dence. A^Tordixig to tMs theory our earth was otioe in a state 
of gl(^wiDg Uqiiid. -lodging by the increase in temperaiore in tlie 
deep strata, it is coveI^ed at the present time by the solidified crust, 
relaiivelj very^ thin* on which we live. Such a conception has len- 
Jered plaimble a belief in the deluge and in the idea of a final day 
of judgment when the world will lje devoured by Hames. 

Geologyj indeed, records horrible watafitropbes: the highest moun¬ 
tains were formed by a single abort earthquake of irenicndous vio¬ 
lence, the result of npheavab of granitic uiagma. Ry etitinuous 
volcanic eruptions erratic blocks were carried tisoinsanchs of kilometers. 
In particular the whole of xVsia suffered the invasioi^ of the Indian 
Orreun. which was precipitated on the continent with inconceivable 
violence, siifiicicnt to carry the rhinoceros and the maniniDth, wliich 
are considered Indian animaU* tts far m tlie frozen fields of Sil^eria 
Cuvier afliriuci:! not only that tlie world would be debtroyeil 
thousands of years hence, but that it has already many times under¬ 
gone like cataclysms, each geolc^ie formation constituting the burial 
place of II creaiion eoUrely separate in iirigin. Acnording to ihia 
hypothesb^ the termination of each geologic period has been marked 
by a complete ending of the world, and the opening of each aiicc^^ 
ing period by a special creative act giving birth lo a new fauna 
nioro jierfoct btit equally incapabk of evolution* By tlie sUle of 
the hriiliant Cuvier lived, nbacure and iinknown, the much greater 
l^marck. It is he who recognized tJie coiiClnuotis evolution of the 
f&unai^ in accordance with an immanent or at least in conse- 
qucn<.fe of the capacity which organisms possess of perfecting thejn- 

j [aimnanl ndArnti &f th& reefnf af It# ImPfrlfil OrrmAU FfiJii-Jisaepla Tcduilcml nfit 
Bcfeflnl *% Orilna. iIHlrtt## en Octabtr ’M, 11*12, TraiulAlcd Irma tt# OermAh, poli- 
miHd 63P U» hKt tj (rfiraiiMlan Qt Prof. JnumAOD. 
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3^1 VOS by iisisidiioiis eserciBo and by communicating in pari to their 
ilescoiiilant& the improvcmctitij thus rii'quired- It is dm way of 
dunking which* after a iurn toward Dam^inniiii/ has finally ositab- 
lishocl itself. Nowj to peitnit such an evolution of the organic 
world* from the bapnilings U* its actual perfectionj requires a consid- 
emble duration of cosmic quieti Geologic investigations since Lyell 
biive indeed demonstrated that tlie passage from each geologic forma- 
Llon to that succeeding it Is made gradually and without interruption* 
The Lniindatioiis and Tolcaiuc c-atostropbes which are produced at aU 
far from destroying worlda^ have never been more than purely 
iocai Yolcanic eruptions are not the index of a fluid and incan- 
de^icent nucleus, for the accumulations of liquid Invn have little 
extensinn, so that even neighboring volcanoesj ifuch as Vulcnno and 
Stromboli, have no relation to each other. One can even alBmi that 
ihe fluid incandescent nucleus of ihe eartli does not exist Eecent 
phii'sical ohservatiotia* especially those relative to the transmi^ion 
of the transverfse seismical waves through the interior of the earth 
and to the period of mipation of the terrestrial axbj adiuit of the 
coticUL^ioti that tlie earth in its entire tnosg is ns elastic as a ateel of 
good quality. 

But now we must observe the very disquieting previsions of the 
exact sciences. These we must notice particularly, for physics and 
astnmomy luive exact natural laws, and in Ihk way may be predicted 
in all probability the most dLstont consequences, for the laws which 
ire conccmcc] here, thnt of gravitation and Lliat of lha com^rvution 
of energi"^ are among the ones moet firmly established* 

Tlie real acliicvemezit of N^ewioii whs to show that tlie law of 
gravitation had a more exact application than the laws of Kepler 
according to which the planets move along their eUiptical orbits.- In 
reality the planets do not de^crilie strictly elliptical trajectories. 
The form and the j>o<iition of these trajectories change cunstantly, 
although with C-ttreme slowness, Tlie law of Xewton alfords an 
expla flat ion of die gi'cuter part of these divergences, if the reciprocal 

* In tiiln ^uiiq#rrloD ww Oiwlciul^ PA Darwlnljiin onlr that ]Hrt r>tnFln'» fciOfhJAi^ 

wtliih oTJJFliwitiHJ wtm hEmMf; mt il» rroluticm tliwirj. which !■ dm for pwit pnxt 
ru Lajwirri, hut lAUirC I be thviMTf oi hIkUaii, «a?ord[lnjt t4 which Ih^re Ciimkl IMt b* 
ur of lht!i ai^nk' WOrlil witflgqt the InJS ueiact] cif pcircUiau lit cimnectlikD wlib 

the vlro^Etk ^xkldiCT?. 

* Tb* IftW or ftimTlUtUin lt$eU wu pcn oiitlHami Newton, lint bjf whuse 

Ldeofl exerlHl n rM^erfiLl InflEieiiCA nq Eloat^. lUHej. mjmI Ferrak 3E wn* flnlL fgrcnii- 
loieil iOithel&lllci&Uf Wrtq, wtwiJf plirilcMJ wort WM (illierwlie uqlmporteD L Newtou 
QI 1 I 7 cnBlrlbnltHl prucjt of Hu rorrcrlunw. 

Kepkr orl^qfitcil ibe rcmdeDircitd I anil citrOdnltUI r? new cohP^rfJaq VLr+atffll, -bump 
ulABriiM HHivirf. irilderr tn f^Ttkvrv C'^The power witicil thff plmnebi mLde^ 

La the tsmja uf Ihr eua ^'^bfodlDis of cSl OS !a Kttpkr'o ^OjititiDomla Nuvl" See Jo, 
tCvpIerl tSpBT* Ointtai.^' Frioch^i I^ltioq, a, p. 300 k Up ai*** the Idteh of 

the aekl of jcnrltaECDO, tq wbkb Ibe fqhte iliuLtDiihu with tbe dlilucv frozo the hud. 
ib4 the lilo4 ift uqLTee«al fratltallun- Had IjalLleo'pl dx'iuulcfl centrollei;) Ktfrler u it did 
UujieIm^h. be woold not luiTe q^Hlinl half bk lo blVe intl^Epaied Newtaq^e cob- 
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attnictioiia of the phnets, a™ taken Into coiisideraiton. Taking 
thi‘$« Jeviotions into coiuiideration* it »s possible iit ptesent to caku- 
late to TfiOiiu a few akonds tlic posUiooa of the suu. Uie moon, and 
the planets a hutnlred vears in advance. But to delennine at a dis¬ 
tant of millions of veara the end of the Newtonian wodjl enormous 
nmthemalical diffieulties must he ovcKome; indeed, it is a matter 
concerning the problem of the stability of the planetary system and 
of calculaatig whether tlie disturbing influences, weak but incessant. 
Avliich the planets eserdsc upon each other will nearly count^ct 
each other in time or wiU end by entailing the destruction of the 

platietari' system, . ,, 

Eiiiiimut scholars have always taxed themselves wdii rcsoJviiig tins 
fundamental problem telalii e to the stability of the world. Laplace 
and Lagrange sliowed, by means of an approxiiuiUe calculation, ihiiI 
the planetary system of Newton appeared to he stable. Poisson 
damoiistrateJ that by further refining the calculation later epuelis 
could be suryeyed, in which greater and grei^r tlueUmtions in the 
form of the planetary orbits were present. Finally Poincari proved 
that by carrying tbe calculation to its limit, a future time was dis* 
elosetl in whicls tlie planets would experience unlimited, pmgresive, 
aoHffllled secular disturbances and, fimillj, some of them wr|iild fall 
iiilu the sun, and tithers lose thein,selve3 in the coUi of cosmic space. 
Tlius. the planetaty system of Xewton Ims no stability, no intenici 
constancy. But the foregoing calcuktioms were made on mucli tts> 
favorable a busk Cosmic space can not lie empty, as Xcwtuii held- 
Since it can transmit light, it mmst be filial with a medium, ex- 
ti«melv teiiiious and cold, called cosmic etlier. The extreme vacuum 
Obtoinwl in the laboratory, cooled U> -1T0“ C., presents a con¬ 
siderable visciftSity. which is only ten times inferior to that of the 
normal air.' Conscfiilently, tbe cosmic ellier must opp*)fli} to the 
movement of tlic planets a very appreciable frictional resistance. 
They must eonlinnally losse energy of iiiotion; in addition to which, 
the attractive action of the sun Ijceoming more and more considerable, 
the pluiieU should ilescribe orbits more and more narrow and should 
end, in some millions of years, by precipitating themselves into it. 
Thus, again, wa have the “igneous” death of the eorth. But Unit 
end would Iw pm-edeU by the deatniciion «f the terrestrial oiganiaD.., 
all being menaced by death from the cold, which would set m miieh 

I'lirlicr. 
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The energy thrown out with the sunlight is sereru) billion times 
greeter than the totnl intercluinge of ciiei'gy which takes pliioo on the 
earth. The sun git'es off eontinually etionnous (juantities of it. a inf 
its supply, of whnterer unknown kind it may be, tiiiisL finaliy be 
exhausted. It would cool tluw-n more and more, and our cjvLlliuition. 
nfier terrible struggles, would meet w'ith disaster nioiv and more 
umidst I he ever-present ite. 

Thus the two fiimiumentiil physical Iowa lead, it is seen, to i^sen- 
tially gloomy conset)notices, but, witli all tlie respect that is due to 
their sublime reunite and to their preciaioii, it is only right to ask 
whether they 01*0 really cstabli.'ilied with sttch ideal exactness lu; to 
enable one to draw conclusions applicable to epochs immensely n- 
luiitc. and to cnniYJ^rehend tlic very plan of creation. Before nccept- 
ing these consequences, it will Ik* well to submit these inexorable laws 

a innch mote searching scruiliiy. That the law of gravitation will 
not supjwrt an examination carried to extreme limits, nearly all as¬ 
tronomers agree in admitting. The most striking deviation from this 
taw la ofTetied ns by the moon, which tmdergoes an inexpUtablc ac- 
oelenition. not less than 0 seconds per century. An analogous anom¬ 
aly. more murked and still more com plica t^, has also been recog¬ 
nized in the motion of Encke^s comet. The orbit of Jlercnry pre- 
senii- uti inexplicable p«<rilieUc rotation, attaining 40 seconds per 
century, and its eccentricity is not augmented with the rapidity which 
the law of gravitation dcmQud& Tile orbit of Mars is subject to 
anonuiIieH of the same natum, while the Inclination of the urhit of 
Venus increases too rnpidly by 10 seconds every century. Terrestrial 
gravity presents, even from the jKiint of view of direction, u diumttl 
ami annual oscillation of a fraction of a second, w'hich is not to iw 
exptaiiieil alone by the attraction of the moon or of the sun.* It is 
true that tliese are relatively small and isolated deviations, and that in 
Jffnerul the law of gravitation suffices for the calcldation of the mo¬ 
tions of the stars with a sufficient appioximation, always assuming 
that the cosmic ether is absolutely devoid of friction. This latter, 
however, is fur from being accepted by physicists. When one con¬ 
siders tliut the periodic comets even the smallest ones, apparently 
undergo no frictional resistance, that they are capable of ficnetmting 
the solar corona at n speed of kilometers per %cond, without 
nndei^iiig appreciable loss, one is obliged to admit timt the law of 
gravitation is not sufficient, but that forces unknown, tlmugh hinted 
lit by Kepler, act upon the stars in motion, and tend to offset the ef¬ 
fects due to friction of the cosmic ether. It U a fact that no trace, 
however slight, of a beginning of the falling of the planets toward 
the sun, as the low of Xewton predicts, has yet been shown. The same 


«u. 11. tarwiii, Tia«, ISM, p, j2j 


0. meHLe-t, Pdbllufttlcittfi of Hojal Pnr.wlMfl 






IDEAS THE EXD fiF THE WOEl-D—JAL'MA^: K. 51 7 

may Iw of the coolitig of the which should follovr in oe- 
ooriknee w ith the liiw of cnergj'. It supposed for ft long: lime 
to be self-evident iluit the dimiite of the eortli had grown constnnily 
cooler, but tlik hiea hies been entin^Iy nbandonetl. Pbietiiations less 
tlum ib degree^a centignide an Initb sides of tJie menu temperature 
have often occurred, sevem) timieB in Europe, tlius placing tbese 
regions now under tropk^il conditioiii', and now under the conditions 
of the Arctic Zone, But from this point of view the most retnote 
ages of the geologic histori' of the earth differ not ui all from the 
present epoch. Glachd formations, e.vtensive but not thick* have 
liecn found in early Camhrian strata.^ At that time the lempera- 
ture wuh not luglier but lower than in uiir epoch, and more than a 
bnndred million years have passed since then. 

One ran with difficulty admit of the existence in the sun oC n 
^pply of energy- able to endure witbotit appreciable decrease, for ^o 
long a tinief the etmmious expenditure due to radiation. The sta¬ 
bility of the planetsrj" system and the inexhanslible lummons power 
of the sun are* furthermore^ to a certain extent verified by direct 
geologic observation. 

How is it that the law of gravitation and the principle of the 
eonserviitiou of energy fail so entirely in their prophecy coneeming 
the end of Uie world'! Wliut ia the hidden defect of these laws 
whicb^ as the foundations of physics, have given such magnificent 
resuli^ within narrower limits^ and bow can they be given an en- 
tirelv correct form t 

V 

Regitrdjng these fundamental qnefltions nf theoretical 

physics, T feel myself called upon to Bjjeak, in so far ns they fall 
within llie field of my own studies. 1 should point out, however, 
that questiuna are conCiumod which are far from bcing^ decided, 
ami that I can treat here only their ** phenomenalistic ” aspect* The 
Nowionifln hypotlieabt of ihe attraciloti of a star on a remote body, 
directly and instantly, witLout the physical intervention of an in- 
tertuediarii' medium, was an abstraction nearly aocumte, thoug^h at 
bottom little trite to nature, Laplace himself admitted the progres¬ 
sive triLDsmission of gravitation.* He suppossed that this effect was 
propagiited, though at great speed, through the eoamic ether. The 
magnetic forces between two magnets were likewise supposed at 
first to act immediately at a distance, Famday recognised ctentually 
that the air or siniUBr medium eontshied between the two niagncts 
(the magnetic field), far from being indifferent, was in a state of 
tension, and that the magnetic effects of one magnet on anotlier were 
propagated from p<unt to point, from one particle to the particle 
immediately adjoining it. It is thus tliat the elementary action 


^ far euaiplt^ Walttiirp lllatwy of tht K4trtki p, 

-T-ipla» rflffrtr. 



218 ANSTTAi- BELPOBT 11^13^ 


is alwflVH produrtnl ib wltiTimlt^ partiolcs sitiiate<l in the 
lieUt imd ita bw is si differthtiiml hiw eatpress-iiig the raliuion of 
i jitiije ajid elTect between the e^Lsring eoiiditioim and their iiansative 
prejeetssoni in each ultimate pari id* of the npacc. It U from the 
interaction between all the ultimate partidea of the magnetic field 
in the sc^called Integral lhat the effects at n dbitance rci^uU. Muxwdl 
i^s^blished the lows of effect from point to point of electromagnetihro 
lor differential laws of the electromagnetic fieldi. which w'ith mi 
admirable simplicity not otdy explained the electromagnetic phe¬ 
nomena formerly known (which the laws of effect ai a dbitiinca were 
equally capable of doing), hut did much more; they predictedj in- 
dimL the propagation of electric ribratioii^ tlirough space in the 
form of electromagnetic rays. The buniiioiis rays appi^rotl thns us 
dwtromagnatic rays. Hertz obtained^ with purely electromagnetic 
rcsoOTCC^iT declfoiiiagnetie rays of great wave length, and ilaivoid 
has uiitized these same rays in wirde^ telegraphy* Thua it itt 
that one of the greatest and most diflicult advances in the theory* 
the trunHitioji from law^j of effect Lit a distance to theories of effect 
from point to pointy le<l imtn-ediatdy ti> u gi'eat tedinical advan''*. 

At that time (more than 20 yem^ ago), many physicists, Hertz 
and Madi in particular* recognized that the real object of the theory 
was to explain pln^sicul phenomena by^ differunlia] law^, n task which 
sec^iiiekl to pass much beyomi the attainabk» bnt it lias l:ieeri ui large 
part sat is factor ily performed,^ since at present the law of gravitaiton 
jl&elf con be expt^essed in the form of a law- of effect from point to 
point.® The end sernght hi thiH cormoction eunsists in Jethroning the 
old corpiiscntiir and niediaiiieal theories still so full of rigor. The 
list of facts bi»ught forth by the two contentling partie^s increases in 
length from year to year and the struggle betw^een plienoinenalislic 
investigation and ziicchanjcal investigntion is waged on u field of grcjut 
extentt embracing almost the entire domsin of the exact sciencesL The 
combat centci':^ around the question of the nature of light a ml of the 
c:lI huile rays.* The new theory of gravitation is only a pjirtiiil victory 
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on tlie estreme ^Ting, but by virtue ot it we now hiiv.i exact notioius 
regiirilLiig tin; iiia,nner of propagation of gravitation through the iSJtt- 
inic ether. The unoiiuiiien of the fielJ of gravitation compensate each 
other in cosmic space, ocoopding to a htw luialogoits to that which nilea 
llie irregnlaritiesi of the distribution of temperature in a good con¬ 
ductor of lieot. It is only for slara iu u state of repose that the New¬ 
tonian law of effects at a distance follows exactly from tlie diflerentiol 
law of gni vital ion. 

Now. the motions of tlie planets produce disturbances, a kind of 
damming up, so to speak, of the field of gravitation in front of the 
moving stars, giving birth to new forces of gravitation added to Uie 
Newtonian forees. Although very small, it can be determined with 
precision that the most important among tbetn has the same direction 
as that of the root ion of tlie planet to which it is a Btimnlna. tt in- 
rreasoi with the speed of the planet and varies in inverse ratio to the 
distance separating it from tJie sun. These new forces of gruHtation 
introduce into the planetary oiovements disturbances which can be 
calculated w itliout diflicuUy, and even cause the deviations from tlie 
Newtonian law which wc have nientioned above. By them are ex- 
plaineil the anoimilous perihellc rotations, accelerations, oscillatiuns 
of tiie vertical, etc.—that is, all the phenomena of gravitation, without 
any being left over, which the Newtonian taw of effects iit a di-staricc 
was incapable of doing. These new forces of gravitation moreover 
give to the planetary system a physical stability of unlimited iliira- 
lion, Tliey keep the planetary* orbits in their present form, not 
only in spite of tlie very considerable rcsktance due to friction of the 
cosmic ether, but also in spite of enormous accidental disturbances. 
If u dhfturbance of this natura (which might bo due, for example, to 
the passage in the iieigliborhood of the solar sy.^tem of a fixeil star 
imbued with a very rapid motion of its owni should bo produced, and 
ijiOilify entirely the form of lire planetary orbits, tbe new forces of 
gravitation wonld introduce into the elements of the orbits such vari¬ 
ations that tliese planetary orbits would gradually return exactly to 
their existing stable form. Far from becotnmg dangerous, the fric¬ 
tional resistance of the cci^nic ether, on the contrary, helps essentially 
to make the planetary orbits stable. The greater this resistance tlie 
more considerable livcome the new forces of gravitation unj the more 
(ihstinate tlie pknetary orbits in tmtiserving, in spite of all the di.^turb- 
nnees, their stable form. Thus there can no longer be aiiy nueition of 
the planets dropping into the sun, Far from being utDrtahle, far from 
tending toward a destruction more or less remote, the planetary syv- 
ten I i.s, Uien, established for a duration which, esuti mated according 
to the ideas (»f time that we are able to conceive, may be considered 
eternal. 
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Tho absolute? validity of tlie principla of the coniiervatioii of 
energy is incontestable^ hnt its now di lie retit ial fonii * lends in 
entirely new direetiaiis. The enusi' of the iiideOnite constoiicy of 
the tempcrnttire of the sun ptse.H from the inevhcthk renctioo of the 
iiifferentia] law of graritntioti on the Inw of the propagation or 
radiuiioii of energy nnd in pfirticnlnr the d i fie rent hi 1 law of the 
eorndnetion of t^obJished by Fourier- Tlie forms of the two 
differeutinl laws niust be plnced in opposition to each other in order, 
when raheii together^ to correE:potid to the principle of energy* The 
very rondderable role which the mass of bodies plays as the oiiiifte 
<d the conceutrmioii of the foivH>s of gruvitation denmnds n eorre- 
aponding influence of the mass of bodies on the tonceidnitipn of 
energy'. To the radiHtion of energi- called the flow* of hcnt tliere 
LM>rredpcin£ls a new fimv of energy in the direction of gi^vitation* 
Tlius tlie law of the eotiduciion of heut esltihlished by Fourter 
>trietly applicshlo only to media of estremely slight density. In 
dense substances there must be a hitherto uni"ee«>gnized eoiicentmtion 
of energy, and this is not an hypothesis, but simply the balmiee of 
the system of laws of efiecta froni point to point. All dense bodied 
should in consequence produce heat incessantly and sponUneoitgly, 
All bodies are so many radiators functioning without loss, akhoii^i 
in very dilTercnl and to us generally imperceptible degii?es* Far 
from being in contradiction to the principle of energy, tliiB fact 
Hprings exactly fn^ra ito easpression in the form of the law of eflect, 
from point to point. Tlie mltB of radium, indeed, produce a similar 
ofTcct of spontaneous radiation* but this is of such an exceptionul 
intensity that it has amazed the physicists. Upon itg discoTerr 
doulit!? were concciTcd of the validity of the principle of energy, 
but it is only tho integral fonn of the principle which gives place 
to these doiihts, while thu differential form, or the law of effect 
from point to point, is thus all tJie more Brndy establbiecL The 
increase of temperatutic in the deep strata of the eurth is explained 
by lluH cITeet of spontaneous radiation without the intervention of 
the liypothesis of ilepodts of radium* Moreover, there is produced 
towanl the sun an enormous concentration of the new radiation of 
i^nergy arising from the field of gravitation, which compensates for 
the lo^ of energy which the sun undergoes and assures the permanent 
constancy of its mean temperature. Consequently the sun yields 
no energy’ at all to the wide cirrie of cosmic space; that which it 
radiates into cosmic apace b recovered in tlie form of tins flow of 
energy frtmi the field of gravitation. The seuscle^ waste of tlir 
sun's encrgA% of which the theory of effects at a distance seems to 

‘0. JflUiBADn. iC, Akaa. Wlw.. AVIrn, WiiiUi. SfttTinF|M, Kl., tisL tl7 M 
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prove the existence, is shown by the theory of effect from pomt to 
point to have no place in nature, A cooling off of Llie sun win not 
bring the development of onr civilisation to a stop^ after whlchj 
through the detmoration of the climate^ it will disappear and the 
lost nien will live like Eskimos on the entirdy glaciated cunh. The 
radiation from the sun being stable, the intellectual and phyaicol 
evniution of humanity will be able for an immeasurable lime to 
mount to heights surpassing^ perhaps^ any tiling ihc imaginalion 
capable of conceiving, 

Thus« os a result of the development of the differential Lheorka^ 
a new and unsought contribution to co^ology of high and moral 
value has been obtained. 





RECENT DEVELOPMENTS IN ELE(^TROiLVGNETlS&L» 


Hy Euuicne EVlocii, 
ProfM#or 19 f th€ Lyc^O Sfiinf 


The dotimin of otectronmgneti^Di h Uy-d^y bo brcim:! and so com¬ 
plex tliai in M few pages we can not ho][je to sdxow alt its frontiets^ 
Eor the present^ therefore^ we will limit onrselveti to reviewing cer¬ 
tain problen'ks which particularly nttmet our attention; cither by the 
number or tlie importance of the investigAtions which they have 
produced. We will litart with the theoretical developments and end 
with the results gtdned in the laboratory** 

I. TITE DTNAAirca OF THE ET^ETTllON AXD ELECTBOMAGNETIC iUSS, 

The electromagnetic theory of matter and the ether in Ihe per¬ 
fected form dne to IL A- Lorentz is really a theory of elcetrons. 
Matter in all its forms ia by it com-idered as made up of complex 
groups of which an es^ntial dement Is the negative electron either 
free or bound to im atom* * This dement Is defined by its charge a 
( 4*5electrostatic units) and its which Is invariably at 

£3null velocities (e/m=lJ6XlO^ electitjmagnetic units)* This resnlt 
was the logical consequence of a long and brilliant series f>f discov¬ 
eries which marked the end of the last and the beginning of ihe 
present century (eathode rays* X rays* gaseous ions, Zeeman effect^ 
I'adii^ctivitj, etc.)^ 

A fundamental problem of this theory is evidently the study of 
the motion of an isolated electron and tlie clectromagnetie perturba¬ 
tions which accompany it. This problem gains in interest m experi¬ 
mental demonstration becomes possible. Cathode rays from all 
fioiirces (rays from CrookesV tiib^; from the phirtoelectric effect, the 
^ rays from radium) orc; indeed; fluxes of electtons projected at 
great velocities from matter- Let us. therefore, review first- the 
important results of the theory which was developed hy ITeaviside 

^Trtjuldnti Inf i^ffnalHf-pn ftEiiii Hrrue |i;ftenle purm ft ■ Fhrfa 
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and Seark nnd later Rnd fijndnmi?ntj:illy by J. J, Thom^^oti i ISSl). 
■ theory which ho^ po^d throlJgh many sncccssiTG devolopmentt* 

(1) An electron moving with o limfdrni velocity, or at least u 
velocity only dowly variable (qu:asi'Stutionary)t carrie?i invnrjjibly 
tied to it ati dpctTonnignctic field tJio fonn of which can be com¬ 
pletely deiluced from the Maxwell-Lorentz equationft* Thk moving 
field has been called the “velocity wave."- 

(2) If the ulectron suffers an acceleration, a wave b immediately 
propagated from it having nil the diaracteiifftics uf a luminous wave 
(Imnsverse vibmtionsj rectangular electric find magnetic holds). 
This disturbance has been called an acocJcration wave/' At great 
distances from the electron the latter wave alone exists because its 
amplitude varies inversely as the distance tmm the electron and not 
as the inverse square as does that of the other wave. This shows m 
the probable origin of luminous radiations and the root of the expla¬ 
nation of the 2^‘inan effwt. Hera al^o we find the explanation of 
X-rays which ore electromagnetic pulses = due to the abrupt stoppage 
of cathode corpUficles at the aiitieathode and tlie resulting negative 
aceeleration. 

(3) In order to give nn electron a qiiaai-statjonary movement 
there must be communicated to it energy which is stored up in its 
field ^ns electric and magnetic energy. The necessary calnulations 
fur this field are relatively simple where the ratio (^) of the veloc¬ 
ity (r) of the particle tu the velocity of light, F) h iuiall. They 
become more complicated where f approaches unity and were firnt 
made completely by ilax Abraham* in 1003 upon the hy[)othesia; of 
n rigidj tipherical electron carrying a charge uniformly tlktributed 
Ibroughoiit ib volume* Then the magnetic energy of the Geld can 

always bo expre^d in the form of kinetic energy, . It is 

quite mturul to speak of the coelScieiU m as the cJectroraa^^etic 
tiittSs of the electPOQ. ITiis mass inaj be superposed upon the ordi- 
naiy niass, at lis»si it does not wholly take its place. This leads to 
an electromafriifjtic interpretation of mcehnuics. In this new me- 
ehanlcs, the mass iii dos not msintam a constant value escept 
at very small velocities. For a velocity coinparable with that of 
light (p near 1) the becomes a fimetinn of p and increases 
indefinitely as J appmacheii unity. Fiirtlier it is necessary to clis- 
tinguish between a longitudinal and a transverse mass according 


iOm Ut« rrfvMPEf dim furtOM^ flu, 

^vfi nor luEOcfcbr fp*i% to dfvcaibe th# curk^iu tlacorf of Ur^gg nfirarditup trt 
Wlilcl. X-Mji mtd ttir r rm|Ti r4d|iia Mit uachiir^-mj EMirUdu of Mow- 

mr thlM UiooiT MVPt^ to b* contmiEctod bj the teoMl bemtltirdl OTiwHineDli af 
isd bU piifi-lEp DEK>ii (be dlffmiriloD ot bj lEmn VMl. Umi Ort-, 

lEWT; tTiPEii. t'ot, !I7^ p, ; Radium, p, 21ll» IfMM. ■!» ankle* br' 

Brripet fbr m. IB, i&lSL) anwie* frj 

■ See ftfKtroDa and corpyapk*. toL X, 





MVfiLOFME^TTS tS Ei_t:CTBO>J/La?rETISM—BLOOH. 


225 


to the orientatiori <jf the accellemtion with regard to the velocity. 
The trajiavei* *?ie mas?, detectable onfy hi the experimeDts wHh the 
deviations of the cathode niys, is given according to Mas Abrnhiim 
by the relation 

m 
m 

I 

'I’his f< 3 riiniU iicemed completely verified by the observatioim ol 
Kaufrminn^ (1000 and 1003), He measured the variation of Uie 
ratio the velocity for the ^ ruy& from radium^ utilizing 

the eiectrie and magiiretic deviations of the electrons having veloci¬ 
ties reaching ninety-five one-hundredths of the velocity of lighti 
Since tJien other formula? have been proposed in the place of this, 
Lange\"in and Bucheret-y^ busing their foimnla upon the hypothesis 
of a defomiable electron of constant volume^ obtained 






Fiirtbcrj as a consequence of the development of the theory of rela¬ 
tivity (see Sec* IT of this article)^ H, A* Lorentz* postulating att 
electron of constant equatorial diameter^ deduced a third formulae 


_1^ 

^ >1 fl.S\ 

0 


Thep«L new fonnutie also appear to fit the experiment? of Kaiifmann. 
It became necessary^ thoreforet to make new oxpcHntenta more pro¬ 
em than tho^e of Kaiifmann in order to choose between the various 
{onnnla?. Several attempts lo do this have lieen made* 

Bucherer^ placed a grain of radium finoride at ttie center of a 
conden-scr formed of two fiat disks 8 cm* in diameter imd separated 
by 0,25 mm. This condenser was inclosed in an air-tight e3dindricaT 
box^ the wall? of which carried a photographic film* This was nil 
placed in a ttniform magnetic field parallel to the plates and a veiy’ 
perfect vacutun produced. Wlien the condenser is chargHl^ the ^ 
rays trace upon the film a line the analysis of which permits the 
calculation of the variation of e/m with the velocity. In this case 
the fanmila of Iiorentz is found to fit best, confirming nicely the 
principle of relativity. 

* Scf to^it eilrctniDi bb<| corpnirKn, ^ol. 1 . 

" n:«vii« 4cii p- lOos. 

*B«ctymr* Fbi^idlL z«ttw:rbrtft; f&t &, T55, IDO^; Ann ilea dtt IlijiUc, :fc5, p. 

IQOD. 


■MSea'^ai 1013.—1C 




226 


.^N^"UAL B^POET fiimUSOXjAN rSfinTUTlON, L1tl3, 


Tlieise cojidufiions hav^ bwn cWnchecJ by y^i luLer 
Hupka^ Ibe elecrLrrjns froin* *t]i^ photo-declric efTfd, pnidui^cd in 
a very x>cff 0 c£ vacuum and accelerated by intense electric fields 
rajching a strength of W),000 volts. The ktunviedge nf the velocity 
1 ? imd the patio ^/m was deduced from the magnetic tlevifttlon^ 
rendcml evident by a fluorescent screen, mid ihe magnitude of ihe 
acceleriithig potenticL The niu^imum velocities obtained were qf 
the f ^rder of The furmuk of Loren tst fits ihe.sw observatioiig nisn 
Iwitcr Uinn that of Abiiilmni. Hrjwevrrj ihi^. exiH^rimcnts are 
convincing Ehan the prccwling nues* a-s Heil notedj® ^tince the higliest 
potent ink mimt im known with a precision greater tiiao I per i^nt^ an 
acriiracy di flic nit tq obtain. 

C. E. Gove and Ratnovakyj^ liesirotis of escaping tliis difficultyj 
need ordinary rAthoderaySt produced in a good vacuum, and devinteil 
nt tlie mmn time both electrically and magnetically so as to get rid 
of the. necfcaisity of measuring ilie potential used. These, results also 
confirm Lonnitzs fornnihL at the expense of Abraham’s. 

e are letl by all results to look upon an elcctriin as deform- 
able only in ihe direction of its motioiL ccmfomiahie with the prin¬ 
ciple of relativity; in this respect tliey undergo the contraction of 
I^renLt (see further on). Do all dilBculties nowr disappear'( With^ 
out considering tho « tn<*re general nature which are 

to-day urged agaijif.! the principle of relatively (see See, TI)^ we 
must say* no. As IT. Poincoi-fi ^ hm observed^ ’we can not comprehend 
w^hy an electron dots not duHinUgrate spontantoual}^ under the in¬ 
fluence of the electric and magnetic forces due to its charge unless 
there comes into pLiy, in order to maintain cf^uilibrium^ other forces 
from without analogmis to pressure. Wo arc led thus to introduce 
3^^mcthing further than pure electromagnetism as a basics of our new 
mechanli^ Wo are just as far as ever from cumpreUending Uio 
primordiiil forces imJerlying matter. 

II. THE PftlXCin.E OF RELATmTV. 

Loiienti lias shown that the electromagnetic theory furnish^ an 
explanaiion of the negative results of the experimentB which were 
expected to demonstrate, either by dectrical or optical means, the 
movement of translation of the earth relative to the supposed sta¬ 
tion a ly ether. Those experiments i^anld detect only the effects of 
the first order with reference to p (quotient of the velocity of trans¬ 
lation of the earth, r* relative to the velocity of Ught^ E), while 

mlo ttantKh. payi. TOt in p. 24^. a™? Aimiita *.r 

* HeU, Amalen Phjsik, 31^ P- filU* 1^1 a 

*Our* miMl antMViky, Camptim Ctv p. 1910 , 

* n. Pfitaea^, Een 4 i«fitl d*! CtnKlo Uath. it Mime, VoL 31 , p. ifloo. 





DEVEI.OPMKSiTS IN Er:£CTItoMAONETr5*M—BLOCH. 227 

theorj' show& that the effects ahouJd be of th^ order of or smriHrr 
This theory then received »r rude shock frf>m the eelebmted expori- 
nient of ilichcl^son (1S81) reluthe to the interference of two my-h 
propagntcNi nt rigrht onfjles to eneh other and which should show 
ihp terms of tlie second ortler of Tlie tiegiitire resnlt was irrec- 
niicihkble with tlie theory, the effect observed being less than one 
oneliimdredth of llmt talciibteii' IVe must the ref one modify the 
theory. 

Tile moditiciition necessary was announced nlmost ot Ute s^ehuc time 
by Lor^'ntjs and by Fir^gerald- It consiwicd in supposing that n 
moving? s^ilid botlj suffers a contraction in the direction of its motion 
e^lueil to Tills is the celebrated hypotliesis known its the -"con- 

I ruction of Lorentz/" It seems very strange nt first sight and insti¬ 
gated the experiments by Lord iisyleighy and by Brace,* who tried 
to find evidence of tiiis contraction in tho double refraction wiiicU U 
should produce. Their results wens negative. In order to explain 
these eohs*(jU(mces and place the theory in a more satisfaeloiy forint 
Ijorentz was kd to a hypothesis wliidi contained the germ of the 
theory of relativity.* He showed that the electromagueftc ecjimtionfl 
for IxKlies in motion could lie put in the £.ime form as for bodies at 
rest liV rneauH of what ii^ called the ^tranefonnjttion (if Lorentz.'^ 
This permit^ the expression of the coordinates ^nd the time t 

for a system in motion as a function of the coordinates and 

it, for the ^stem at rest, thus catabiirfung a correspondence Ijotween 
the electric and magnetic fields of the two sysiennL This group of 
transformations contains, as a particubr cosCj the hypothesis of con- 
traetioiu which b found to be of the magnitude (1-^^)^. in agree¬ 
ment almost to terms of the fourth order with the magnitude origi¬ 
nally admitted. It further explains the negative results of Michel- 
son. Bayleigh, and Brace. Through it wc understand the negative 
results of Trouton and Koble in their electrostatic exx>arLitient which 
waft expect^ to indicate the terms in P*,® 

The experiments explaimud fay the tranaformatioji of Lorentz go 
only to the term^ m We do not know any at present which go 
further, but it is natural to snppcHe that even taking into account 
terms of higher orders, we will never be able to get evidence of the 
luniion of trunslation of the earth with reference to the riher. In 
othrr wordti, we esn probably detect only the relative motions of two 
material ^^stenis with reference to each other and not their absolute 

I Tic- (»ri|(liiAl ciperturait ‘iriHF Clide lllClwtl*B AUd Marlej lc lftS7 nci rFp«flt«t 
bkCat fMntlj bj Mflricy mnd UDIkr. VbM Mmi , wjL V- ia 05 -, 
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moT^ement with referejio© to a Eupposed i^tntiomiry etlicr^ This novel 
liypotheais was minoiinced in iUs most generd form f«r the first time 
by Einstein 1 ,^ who named it the principle of relativity, ^Starting witli 
ihia simple principlet EinEtein modified slightly the tranEformalion 
of Loren bE, giving to it a physical basis of very gnnit genernUty and 
gatlieriiig all the concluifioiis resulting from it into ti group of per¬ 
fectly coEbjistriat formulie^ 

Ifl'e will nul state here all the pliysiral and philc^phical 
t^uences of this theory of relativity. We will note only the ulisolnte 
character assumed by the two fiindamento] posttilntes of this theory: 
First, the ether is immovable and penetmtes matter perfectly; second, 
the velocity of light is an absolute invariant and represents a su¬ 
perior limit wliich no other velocity can escectl {whether for miktter 
ill moll 00 nr the propagation of waves). The theory been fur¬ 
ther developed (principally by C^rman^) by Einstein {Ifi05-1912), 
Minkowski (IPOt^lDOS), Planck (IJIOr^S)^ Born (1&09)| Som- 
merfcld (1910), Tjdue (1011), etc. Tlie various polnta of riew 
which these physkiats have adopted are too numerous to l>e given 
hero in detail; some have tried to put the transformations of I-orenU 
into more geometrical and comprehensive form (Minkowski) ; otiicrs 
have deduced the kinetic consefiuencea of the principle, either for a 
moving point (composition of velocities according to Sommerfcid) 
or for a solid body in rotation (Bora, Lane, DifficiLlties and 

eomplicatioDs quickly iirLe as soon as the motion of uniform trans¬ 
lation originally supposed Is departed from and these difliculli^ have 
not yet been overeome^ The total absence of any experimental ba^k 
or confirmation of the^vc later developments deters tof from further 
discussion. We vrill stop a momeui only on one of the most para¬ 
doxical eonsequonofes of the principle of rclatirity which will hvihg 
tjut the difficulties which the theory encounters and rebut the abso¬ 
lutism of tlie principles w^hich U uses os ba.se^ of the physical 
sciences. At the start Ein^in ^ showed that if the energy of a 
tern increases by the amouni A', the pntiriple af tcfjuirett 

that ifff mast hiereaset at the tame time bp k/Y\ Only on this con¬ 
dition can the principle of the ooniservation of tlie movement of tbo- 
center of gravity as well as the new- system of mechanica lie main¬ 
tained. Accordingly^ ma,ss and energy are not really distinct; the 
principle of the conservation of iim.ss is insieparabk from the prin¬ 
ciple of oonaervalion of energy-. This result^ hoAvever atrangei is 
nevcrthelesa consistent in itself. 

Einstein himself, baring his deductions on this caDset[Uence, tried 
to bring back to the principle of relativity the absolute value which 

* ELftiieJjt, Annmt^ja rb/vlk, vul. p. D02, 1909. 
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Imd been attributed io il sint^e He hiis tried to include iit 

the electtivcdagiietic ‘ivntliesist df the univerie the phenDmenon of 
^vity, hitherto so reliellidiLs against bH uur eiTorts at expltttiation. 
He doted that a uniform gi^nvitatidnal field of eonstant uccelera- 
tion, 7 . b equivalent to 11 jnedium free from gravitation in which the 
reference axesj are supposed acting with a uniform acccleratian 
— 7 . Hsinxi we must generalize the principlp of relativity mid pass 
from the case conBidercd until now of a uniform velocity of traiL^- 
Intjon to that of a uniform acceleration. In the earlier c*se we 
were led to attribale to energy a mass m^=E/V^* now, if we wist 
to preserve the prin<uple in its entirety wo must attribute to the 
same energy the weight ^ 7 . As a particular case, radiant energy^ 
light, must have weight j u beam of light must then be deviated by 
the masses close to which it may pass, Einstein^c calculation showed, 
for example, that the angular distance between a J^tar and the center 
of the sun must be decreased by about one second when the star 
apiwars close to the mn. The measureniont could be attempted at 
a total eclipse of the stin. 

There is no need of calling attention to the strangene!^ of tho^o 
conclusionj. The important thing from a philofjophicnl point of 
view is that vre are obliged to give up the ab^lute invariabilUy 
of the velocity of light, V, considered at the start as an un?i!%^ailable 
B?e1om. This invariahilitj^ is only true in a system where the gravi¬ 
tational potential ? remains constant. For variable potefitiab the 
velocity of light must vary according to the formula, V=V,j 
(l+<^/V*)* So it is only in the case of uniform motion of 
translation that the trAnefonnation of Lorenrcpreserits the phe- 
riomena of a in movement. In tlie more, general case the 

group of transformatiniis is more complicated nnd as yet undeter¬ 
mined; the equations to he submitiit-ed for thoso of the classic elec¬ 
tromagnetism are also undetertuined. 

Tins new point of new of Kinsteiu has nt least one incontestable 
utility: It makes us realisce that ibe postulate;^ which were at the 
basis of the earlier principle of relativity (the itivariiibility of F, 
etc.) are perhaps only approximate nfBnnations, susceptible of modi- 
Scation. and not first truths. It has led na from metaphysics to 
physics. And since the diiscussion became opened nnaw concerning 
the foundations propCK^ed by Einstein we will not he surprised to 
find that Max Abraham, adopting this new conception of ma^ and 
weights has developed a new theory of gravitatiotL, dilTercnt in many 
respcjctfi from tlist of Einsteim Abraham^ renounces the generaliza- 

imaKlrin^ Jiiirbaeb ^ lUd, uid Eli^troiLfk, nd. p. 4; AOPAti n 4#T FtljiUE. ^a\. 
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Aht&hMm Pbji- ZeltKhr^ JS. Nd. 1, i&12; Annaled Ptir-Jlk, taL ^1*. 
mss. vdl. p. 444, 1[»12: Ntkito iKbiaAi?, ID 3 3, 



230 AXXUAl. EEPOET SONIAX TN^TlTUTIDNt StH3. 


liaij of thi^ primdplf^ of relativity in tlit case of aecelerutiion. Then 
eonsidenog tJhai a whole Ibe pt-iticiple of relativity hai^ failed^ he 
keeps the Lorentransformation only for very small chEmges iu 
tlie vAriable:^ Considerable discussion has passed between him and 
Einstein, but we will not follow the details.^ 

Admitting that these theories will have a lasting effect upon 
science^ in the future new experinients will be required and a riiore 
pow'erfiii tl^eoretieal effort than that of tJie past. Wo will close our 
ospositiun of this question by eilmg the opinions of several skeptical 
physich^t-H wiio, from the l>eginning« have found the postulates upon 
w^hielt Uiq tb^^o^y of relativity rests too absolute and to whose voices 
we are now’ beginning to listen^ 

The ether Ln the principle of reliitivity has been emptied little by 
liiLle of nil its physLeal properties; it U repreE^nted now only by a 
system of mathemailcal equations, those of Maswell-Lorentz, and a 
niunbery the velocity of light. It remains as the vehicle of radiant 
energy witlmut our questioning bow. following to the logical 

eoncliiaion.q such notions^ propo$es to renounce wholly Uie hypotheab 
of fln etlier and to retnm to a theory very close to the old one of 
emlssioiiH According to hiuu we need not speak qf electric and mag- 
iietic fields^ hut only of electric charges acting upon each other* 
We thus return to action at a distance but taking into account the 
Enite velocity wdlh wMch such action take^l place. Consequently it 
is necessary lo throw a way the partial diffcruntial equations of the 
electric field and replace them with integraU (ret4irded potentiab). 
Thcre h thus iutroiiuccd nii irreversibility of which the former eqiia- 
tions could not take account- Mass at great velodue^ w ill remain 
eonstant^ but tlie force will vary. We tliua arrive at another system 
of mechanics, Aguimt these new conceptions, the development of 
which was iixifortunately interrupted by the dciith of the author, 
thqi'e are grave objections which have so far kept the imijority of 
theorists from adopting tlieiii, although they are perfectly cfinsLsteni 
u moog dioinsel res, , 

Brilloiiin/ on the other hand* makes the other more substuntiat 
thiiu has Item customary. Thero must lx», acJt'ording to hinin a drastic 
revision of I he hypoiheses relative to it. i^'or eKatuplet its uhsoliite 
imnmbility, perfect permeability, homogeneity, isotropy, and the in¬ 
variability of tlie velocity of light. Those upholding the principle of 
relativity have tbemselves commenced Ut attack the lost postulate^ a» 
we have just ®en. Now it will be the turn of the other properties. 
Wo niay come, Ibmitgb the mci'easing acuteness of fiur powers of 

1 KiarielH, Afttmlrq Owp Pfajjiik, roi. “8^ |n, ar^S Aod 1912; Tu-j, -iiM, lOli, 

» B1U, AoiultHF .r rl 4? ptijalqup, vat J3^ p, HR, lOQJt. 
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minlysk, to admits to a closer degree of appra?dmatio% tist ilie ether, 
nt leiLst slightly, b similiir to onlinury matter, that it may propagate 
a disturbance with a velocity gi’eater than that of light, that it doea 
not remain perfectly etaridnary when matter trav'crses etc. New 
esperimeots m\^t be added to the purely clectro-opdc ones of MkhL* *h 
bon, EayJdgliT Brace, and Trough too before we will be able to build 
lhiiJ5e theories. 


m, ELEcrrno5iAGNETiss[ and Rx^jlition. 


Tlie difficulties just described are not tiie only ones whicli the 
modem theory of electmmagnctkiii edcownters. Perhape the gnivest 
ones arise in adapting it to the esperiincntnl fact.*^ of radiation. We 
know that thermal radiation in equilibrium in a constant-temperature 
chaiuberj and called black radiation^” has a demity independent of 
I he particular body producing it. It is a funLiion only of tlie wava- 
iength 1 and tbe absolute teniperature T. (liir thetiretica! knowh 
edge of this density, b expressed by the well-known laws of 
Kirchoff. Stefan-BolUmamiT aod Wien.^ Our experimental knowl¬ 
edge Is expre$ised by the formula of Planck. 



This equation saiiafies not- only the thi^ thepretical lawa but also 


iNirresponda to the observed distribution of energy in llie speetrum 
Ilf a black body. Tliis formula reduces for large values of XT to 
the earlier one of Rayleigh, 




NoWf the electroinngnetEC liioory iicems to lead almost inevitably to 
Rayleigh’s formula for of/ ‘irav^4etiffth^ in Ihigrant contradiction to 
^^[H-rimental faetj^ The second formulat indeed, does not give n 


nioximum to the radiation distrihutmn cun-e and nmkea the total 


radiation InfiniUL This conscqueuce^ which Lhe rej^earches of Ijonl 
Rayleigh* and Jeans ^ made extremely probabbt has Ijeen ron- 
tiered certain by those of T-.oreiitz.* Atx^ording to the latter^s rtv 

^ Thms Wit lulls' on tliir U^^rmodfndintit^l rvawniOiE aafl 

tai^ HWUuTv of ndlAllOft. principle Wblfrta AWf bi^ lipId u< wti\ |iiEioV9>d If aiQt bm 
factii. 

I-bU, MmW , 

• Irmxim^ I, vnL 10, p. 01, tqL k't, [V- 1EH>9; vol. 17,. p. 773, 1000; 19. 

p. im. 1000. 
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eearches. the most gieneral equfition flf nn electroiimgnetic system, 
bjised upon iht^ other, oi^tmns, und urntter, bj n siiitablii clioic^e of 
paranuestei^ cun Ije re^lueed to the HamiltoniRii foim of the equations 
of meelumic^ Tiie application of the methcHls of probability md 
statiFtica] mcefianjc^ eapecially ilie theorem of Liouville (which Is 
u cort!^w|uen<re of tlie Hamiltonian form),, leads tn^ then, to consider 
Oii applicable to the ether the theorem of the equipurtition of euer^ 
wltich alE>(> brings Wi out with Unyleigh's formula, 

III order to e^icape from tlik blind alle^' oud obtain tlie earlier 
fortnula, Flauck invented the hj’potheiiia of Uie discontinuity of en¬ 
ergy or quanta,* According to this hjpolhesis^ tlie tuolecalar resona^ 
tora con not exchange energj^ with the siuTounding medium except 
ill AThole multiples of ihe iiiiuie ektncntary quantity (quantum). 

All mnonnt proportional to the frequency of the re^naCor^ The con¬ 
stant k woiilil be ]i universiil constant. We will not explain heiu the 
various forms given to the thwry by Pknck hiniBelf, Sommerfeldj 
EiuiUein. H* Poincarf, and othei^ (liee urticlest eitedi. note h p* 231), 
^\e will pass over all the conset^uences which have been deduced from 
tills hyimtbesls {theory of spocific heats by Einstein, etc,), except 
those wdiirh are purely electromagnetie.® 

Tt npi^ars that we need not give up for the free etiicr the equations 
and ordtnaiy laws of electromagnetics or the djuiamics of the free 
electron- Tlie modi hen tion of tlie electromagnetic iheory which we 
must make, if nccesaaity. relates only to the relations between matter 
and the ether? that \b to say^ with regard to clectronjs uat free, to 
emissioiLB^ and absorption of energy^ or perhaps to emission alonef 
wliich must Uirn be considered disconliniioim- 

Brillouiii'' thinks that iliere is a loophole of escape? Planck's 
theoiy rests upon an arbitrary hypcitbesis with regard to strictly 
luouochromntic resonators having very little phys-ical basis. In 
gi^ mg these uPf the complication of the reasoning rapidly increases^ 
Isut Brillmiin thinks that we can probably come out wilb Planck's 
fnriiiula withmit recout^ie to quanta^ The recruit would, however, 
he Inconsistent wdtli the general theory^ of Lorcutz previously meu- 
tioUiuL Pogsibly vee may hope to reach luone precise knowl^ge of 
this rnechoniisui of absorption alxiut which we know practically tioth- 
ingt and thence get a loophole for escape. Thifl doubtless will hap¬ 
pen in the futurcH 

There is another domaja thou that of radiation, wherein the elec¬ 
tronic and quanta theories are clearly inconsistent^ that of the prop- 
iTtii*s of the metals. According to the electronic theory, the tlicrmal 
IInd electrical conductivities of the metals, us we]] as many uther of 


* ta# iwpnt ArtkEi bj J, p^rrlfi In tltwjf fot No'p. Id, l&|^. 
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tiieir properties, are due to the molion of free electrons. We may. 
indeed, derive thus the law of Wiedemann and Fronst, Electrons 
ehonld therefore play tin importnnt part in the spocific iitots of the 
metals. But, according to the theory of ([uontu, the specific heat is 
imiiiuely related to the niichargcd atomic resonators (Einstein). 
This accounts for the behavior of the specific heats at low tempera- 
tiire-s. But the quanta theory has nothing to offer os to the thermal 
and electrical conductivities. The discordatuso is, however, decisive. 
It is perhaps premature to try to recoucile matters until measures of 
the thermal conductivities at low tempera to res have been made, com- 
[Mrabh’ with the excellent ones on the electrical conductivities made 
by Kjiniprliugh Onnea' nt the temperature of liquid uinind iiydrogeii. 

IV. THE JIAW.VKTON, 

The electron seems to have definitely l»come one of our physical 
properties. V. 'W'eisa* * has for several years, and with inctx'nsltig 
success, tried to introduce mi element of magnetism, the magneton, 
bringing to I tear upon it an imposing mass of experimental results. 

He started from the thetHy of dia- and phra-niagnetism built by 
Langevin.* In that theory diamagnetism is explained by the de- 
fornialion of the intru-atornic electronio trajectories under the influ¬ 
ence of an exterior electric field paramagnetism results from the 
existettet of a molecular magnetic moment of certain substances. 
Weiss has elaborated tliis theory so as to include ferromagnetism by 
meaiLs of a supplementary hypothesia, that of molecular magnetic 
fields proportional to the magnetizing force. This idea of an electric 
field is not new. Through it Ritz* developed his beautiful theory 
of the structure of the series of certain spectrum lines and the Zeeman 
effect- It led Ifeiss to fonuulie which are well substantiated by ex¬ 
periment not only in the legitimate field of eleeiromagnetiBrn (the 
variation of the Curie rouMant with the temperature), but also os 
to the specific heats of ferromagnetic bodies. It was while iooking 
for such precise experimental eonfimiation that Weiss was led to 
the theory of the magneton. 

Tiie measure of the absolute value of the atomic magnetic moments 
of iron and nickel at the temperature of liquid hydrogen, made in 
eoUnbonitioii with Kflmorlingh Onnes, led at the start to numbers 
12,360 and 3,310, which divided, respectively, by 11 and 3 lead prac¬ 
tically to the same quotient. 1-123.5. For cobalt the corresponding 
numl^r was later found to be very close to flx 1423.5. For the 

“ fitfinl ta nil ihcMt wMc'H wtn cm uui vtop to mor* ttuUi tbt 
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molecule of nmgiietiLe the riesult^ were more complex nnd must be 
divided bj Z to compare tbein with the ittoni of iron* Those also 
lod to whole uiultiples of the same mitobcn the factor of proper- 
tiouulky ehangiog abniptly at certain tomperaiur^ as if the atom 
of in in imderwent alterations. The n timber 

of which all the atomic maipictio momentn are iniiltiple^^ will Ik^ 
calteii tJie magneton-j^aim and its quotient by the Avogadro num¬ 
ber (the number of atoms per gram-atotn) is the mugueton^ 
The properties of a ferromagnetic body are then well 
explained by supposing that tlie mognetio nioments of their atoms 
are simple multi plea of a mugnetDii. Magnetism w^ ill then have a 
graaulur structure like electricity. 

Ititertihling roniirmatioiis have been made of this theory through 
measure;:^ of various esperimenters upon pamiuagiietic .^Its or^ in¬ 
deed* upon other bodies. The numbers of Pascal' aiul those of 
Feyiifl^ are in qualitatiTc and quujititative accord with the hypothe- 
sis of the magtieion. thes«‘ numl3ers were calculated ivith refer- 
enc?e to water iis a standard^ nxi exact knowledge of the djamagnotir 
Constant of water becauie necessary. Its measure is difficiilt and 
Um led to diseiiepaiit residts. It hM been remeasured tfeparatoly by 
S4ve®^ and by P. Weiss and Piccard,* who have reached fxmcordatit 
lesnhs close to 0.72X10^ at 20"* C. The thcoiy of the magneton 
thus has had the merit of fixing definitely this import unt cotLstant- 

We arc obliged to admits however^ that for fcrromagiietio bodies 
tlie atom does not possess a unique magnetic moment^ but has u cer¬ 
tain number of different values according to the temperature and 
the chemical compound into which it enters* All these values, bow- 
ever, have integral rados. The actual existence of the magneton 
hns been demonstruted in the atofic4 of iron* nickeb coluilt^ matigane^ 
vanadium, calcium, mercury, and uraniutn. We therefore seem to 
hnve here a reol^ very general const it uent element of matter* We 
tiiJiy thci^fore think of adding the magneton to the other krmwu 
fundjimonta! elementary bodii.^ Tlio attempt made by Langevin* 
to deduce thi^ magneton from the quauium of Planck will doubtlisss 
ftene as u jitimtilus in thhi direct ion. 

V, THE pHODrcrrnix and natcthk oe tixsEors lox^. 

V\e will not discuss here the simple, ordinary ions* such as origi¬ 
nate frcaii the X rayi?^ radium, the Hertz effect* etc* For several 
ycai-s the accepted thetity (Langevin, J. J* Thonison. Townsend, and 
others) was this: the negative electron^ tom from a molecule by the 

* r«RC«tp Ann, Cb. fnL IC, jh 5451, Vul. IS, p. 1«10, 

I-Vrtlit lli'adiii, yuL 132, p. TOS. 11IU1. 
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ioDizing' forw. aurrouiids itself with u cortege of nutitnul oiolKulasi 
the residual positive atooiic ion does likewise. Thus originnte the 
ordinary positive and negativo ions. They nre duirnctcri^cd by 
their mobility K, coefficient of recombiiiatioEi a, ond diffusion D. At 
voiy low pressures and at high temperamres these assemblages are 
dis^inted little by little to the primitive charged center,. We will 
see tliat some modification of tlieso ideas will be tieccssary. 

(1) Along the line of theory since the fundament^U work of 
Langeviit (Aiinales Ch. Phys.. Itl06) several new attempts have been 
made to explain the order of maguiludfl of the mobilities and their 
variations. Among these we slioutd sjjccially mention tliotse nf 
Sutherland,^ of WelJisch,* and of Beinganum.’ Sntbcrlundf es¬ 
pecially, departing from the hjpotiiesis of molecular agglomera¬ 
tion, supposes that an ion is identical with the electron or the 
primitive atooi-ion; its velocity is modified and retarded by the 
electric action exercised upon the neighboring Ions or the molecules 
polarized by its approach. ^Vn apparent viscosity is thus created 
which explains very well the results of Pliillipa (see further on) upon 
the variation of tlie mobility with the temperature. The actual 
theory is not- unlike that which led Sutherland to his weU-known 
formula for the variation with the temperature of the viscosity of & 
gas. 

It will be pei-hops convemietit to use the conventions of the older 
theory, considering the ions as assemhluges in perpetual process of 
formtiiioii und dirintegTatlon In a kind of dynamical ecjuilibrimn; 
the charged center will then be in turn free and loaded with neutral 
molecules. We will see tlmt a greater part of the experimental data 
makes such a convention almost necessary. 

(2) With tt view to furnishing useful material for the theoretical 
developments, many mett.siires have been made upon the mobility, 
the rate of reconibiaation, and the dldiisiou ut various temperatures 
and pressures. We will mention the measures of Phillips* (varia¬ 
tion of jt' iind 9 with the tcmpcretiira). Kovorik,* Tood.* Dempster’’ 
(variation at K at high and low pressures), Saliis* {variation of D 
with the pressure). These measures show that innic agglomerationii 
disintegrate faster at low pressures and high tcm[}ernturcs in the case 
of negative ions and tend for both jroaitive and negative ions to 
revert to the primitive iitate. Tlib is in accord with the lucasun-ii 

' Btuhrrlund. CLIL tlie., toL 18, pi. 541, lWt>. 

• w^uiKb, phu, TrBiH., wL 20i». a. wn. id™. 
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mnd« upon Asimes by Moreuiit^ Lusby,* H. A. Wilson^ imd others,^ 
The negative ion^ in Hames appear to differ little from f!nrpii$i: 1 es 
and are sen™!}* loadcil in their acci Jentfil enoounters with oinleculea. 
The iTOfitjVD ion has a fii»e of the order of magnitude of a free atom- 
ion and often appears to be formed of an hydtTjgen atom, more rarely 
of a metallic atom in certain Dames eolored by fmh&. 

(3) Ti is mostly with ioni^tion at ordinary temperatures that the 
newer results have been obtained. The study of lonixcfl gaiicoufi 
miXtor^ was first undertaJien by Blanc* and by Wellisch.* Accord¬ 
ing to them an inn produced in a gas A and tlien transported into 
another ges B. a^umeis^ a mobilitj^ characteristic of the gas B. This 
Qgreeais with the idea of temiwrary agglomerations constantly de¬ 
stroyed and built np again. Blanc (^Q^^ied out Ins experiTnent with 
ions formed in carbunic acid gas and then transported into air* 
’VVelliach created bis iona in Clla I of CCI 4 and then transported them 
into hydrogen. According to him the ionbalion in hydrcjgen irf 
enormoTisly increased by trac^ of CH^^l whereas the mobility changes 
only slightly. It linaks as if the heavily lonixed molecnlea of CH.I 
transfer their charges tn the hydrogen inolwn^les. This is a rc- 
nuirkabJc property l^elonging to certain ions. The same experi- 
menteTs, as ^veU ns I^they,'* Tyndall/ and others, have etodied 
with predfilon the mfiuenoe of traces of a foreign gas uiion the 
mobility of ions* According to RliLiic a iimall amount of aqueous 
^Tipor diminishes ihe inobilily of the negative ion and increases that 
of the po^litivo ion in air and in carbonic acid gas {iW and 4^>0 
G- G, S. for air instead of 3B0 and €00). Tlie same uocurs with 
alcohol vapor. The molecules of water and alcohol without dnubi 
remain longer associated with the charged nuelena tlnm thcise of 
air, carlsoiiic acid ga.H, or hydrogen, dnst the oppo^^ite is the case 
with the moletmles of CCh, etc. From this we see also that 

in certain gases the positive ions finally surpass Ule negative ions 
in niohiJity* Thii^, for instance^ happen with chlorine. 

The mosit i^murkabk fact in this connection was noted by Franck* 
Working upon argon he found normal mobilities (of tJie order of 
1 eiu* in a 1 volt-om. field) for the podtivo ions, whfie the negative 
iona had mcbililics of more than 200 cm. and behaved as corpusdes 
free from (^rteges of molecules during the major part of their 
coursi^ in the gas. This enormooe mobility diminkhes very rapidly 
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iitider llie imc* df QKygmt it is brought down to 1.7 cm. by 
ISt per ctot of oxygen. The tendency to asawinte with tine oxygen 
moleeu!^ b therefore mticli greater than with the argon atom. 
Nitrogen shows a behaidor fitiaJc^ua to argon. 

(4) The study of the clmrge carried by the Imis Inu? Jed also to 
bnportant re^iults. The method used for measuring the elrargc 
is based upon the condensation of water-vapor upon die ions 
(Townsend and J. J. Thomson) and hus§ been further perfected by 
Millikan^ and bia pupils. By means of a mJcixiscope a single drop 
of oil or other uni tens! cliaiged by the ionised giis ts observed be¬ 
tween the horizontal plates of a oondeiosjer. Its rates of rise or fall 
due to the conibiucd electrical and grovitational fields are followed^ 
and from thfty? rates the charge c may be computed. Thus by ob¬ 
serving tlie sudden changes in the rates the new charges can be noted 
as they are added or taken away from the drop* It b found that 
theae modilications of the charge of the drop always occur in whole 
mnlliplcs of the elementarj" chargCt The tnean of the num¬ 
bers found for e was 4.89X10^^® electrostatic no its. This number 
accords with that deduced by Hutherfortl from bb ineaaures with 
tho rays although J. Perrin found .somewhat smaller values from bis 
study of emulsions and of the Brownian movement. 

An important fact was noted by Townsend ^ and his students! Ions 
of double charge. 2ef or multiples of this, were found in ionized gase.s. 
This was noted in the experimentG made in 1899^ by means of which 
Townsend T measuring tlie diJlunion eciefficienl /> by a method using 
a gaseous current and comporitig it with the mobility k was able to 
determine the product i>f the charge of the Ion by the AvtTgfld^t>^-^ 
number (the number of atoms per atom-gram). This wm a static 
method and permit ted the evaluation directly of the quotient k/D 
which equals ilie product Ne^ This result wnji depi^ndent upon the 
method of ionization uBcd. At mean pressures and w'ilh the x rays 
from radium in air or the aecondaiy' rays due to X rays prodneed 
upon polished brass in hydrogen or slightly moists ions of 

opposite sign were both found to give ticarly the value 1.1^4X10**'. 
However^ if tlie secondary rays are produced In air at a nheet of 
bra-ssi, oxidized or covered with vaseline, or in father gaiMJS (hydrogen, 
oxygen, carbonic acid) upon the same strip polished and covered 
vaseline^ the v&fue of A> is much greater for the positive ions^ It 
may be found as high aa 2.4conclude therefore lirat, that 
certain positive ions carry a charge 2^! secondly, that sucli ions urc 
produced by the more penetrating secondary rays vvhich nre not 
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iibe^orlvt^l Ijv ihv viLH^liriu^ Th<? -psistence of polyviilcnl uptih haa 
been couRrmed by Fni!n;k *ind WestphaK^ who returned to Uie older 
metbod* using a gase<JDs current and devised by Town-scndt in which 
/r and /) life Esparatcly mcu^iin^fi* With X rays the proportion 
polyvalent ions in nbont 1.10; wiiU the a rays of polonium of 
die & rays of radiiiini there seeiiii to l:3e no polyvalent ions. Millikan 
and Fktscher^ do not agree with these conciuaions, baaing their ob¬ 
ject ions upon the method of drops earlier described. But the earlier 
pliysicista maintain their interpretation, which alscs sectns to Ik- in 
good accord with the results from other methods (multipie charges^ 
of ihe rays from rttdinni., of the can a! rays, the positive rays of 
vacuiiiu tubes.* according to J. J* Th^njsoo, Gehrke. and Kei chon helm 
and others). 

However* the question niiL^i seimi at present uiisolvetL Very re- 
tH?ntly, Tjange^-tn and Salles/ measuring the ratio K/D by a new 
direct melhodi have concluded agauist the exL^ence of polyvalent ionai 
in the ioniEation by X We must therefore still leave the (pies- 

Lion open. 

(j) FimiUy, we must note the rcniarkable exjicrimenfc by w'hich 
T. K. Wib^m * has enlightened iia aa to the mecbaniam of lonJza- 
lion* Contmuiug hia cetebrated e.tperimentH on the L-ondensation 
of water vapor on iona^ he snccceded in aeetfig and ph&tcgraphin^ 
tJm indl 0 / produced in a gas by an angle a or ^ particle fran 
radium or a very narrow pencil of X vaya. 

His admirable photographs themselves alone can. give an. idea of 
all of which we cun learn from them. Upon them we see the 1 and ^ 
particles following their rectilinear trajectories; %ve Icam that the 
X raj-H do not louiaje directly but by the secondary rays ivhich they 
tear from the nioleculeB eiicoimiered in the ga^n et(x We find alj^ 

6 direct vcrificatinu of the hypothesis ativanced by T^angerin and put 
to esperiincntal test by Moulin ■ in order to explain the Initial rt- 
combination" diseovered by Bragg. According to the laiteri the 
saturation current of u gas iomssed by a rays b much more liUScult 
to obtain than when X rays are used* This ie not to an initial 
™:ombination between the positive atom ions and electrons just 
liberated, but to \x bjoali^ation of the ions along the path of the 

7 pihrticli:a;ii; a saturation current is indeed much easier to obtain when 
the field is i^erpendieular to the radiation than when paralleL 

* F«J3ck AiMl Wi^tpluli, Vtrii. drf PwUcX Flari* 0*JL. toI* 11^ pp, 140 imd 2^0. 1000^ 
>U||iLi;«a Ma n^tMhET, Plijr*, Brr., i?pI. ^ p. ItUl, Kba Phlt Umtt.. tuL -U, 
p. 7eS, 1011. B« Olhi Towju^ad^ Phm Ub^.p VOt. 22 , p. 204* 1011: Pmack aqS Wc^t- 
phftl, Phil. T6l. 047, 

^L&bftTlD iaO EodM dv ^^blnal# pb/tlHur, FAbTUUrr. IfUS, 

^ WUwjD, Pnotf. ao^. Soc-p ¥fll. SB, p. SSB* ISll ; lUdlura^ 1013, 

AaiUqiB. p> ISIO. 
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Liglu. rtiiJ especuilly ultrsi vink't light, (iischargL>s negflfi'ely eki- 
irifieil I.Hnlies willi the production !>f rnyn of the same niiturii »- 
cfttlnxl rmya, tJmlrr ccrLiin circiimstniicps it can flircctly iiwsixe 
The first of these, phenoaMfiiu was discovei'fd by l-tertK aii-l 
TTiillwachs in IS87. The i«coiitl was annoiiiiced first by Lcnurfi in 
IfiOll. Perhaps on no subject is the Htentture of the day grantor nrnl 
otore contrinlictory* so we will note only a fc" of the recent rewiilts 
npon which the bulk of the work has been clone. 

S11 AViih regard to the llert* effect, the researches rrom the start 
showed a gi-eat complexity of the phenomenon of pholoeleetrii: 
fatigue—that is, the progmsirc diniinntion of the effect observed 
upon fresh nietiilUc surfaces. Accnriliog to an important rasearah 
bv llallwachft.’^ OKonc plays an important part in the phenomenon, 
iiawever. cither clement^ enter such as oxidation, the hnniidity, t\li‘ 
mode of polish of the surface, etc. We are not even sure tliat the 
fationc hi absent in a vacutini. Eugene nioch * insists that we sliciutd 
work wiih ati exciting radiation of definite wave-length since the 
Fhtigne varies from one wave-length to another. He also showed 
thnt in certain instances there is an acceleration of the effect which 
has been re found by varioua workers. 

A great many experiments have been made in a vacuum. Soma 
were undertaken to study the Hertz effect at tlie rear surface of a 
bii !p traversed by the light, an effect perhaps greater there than at 
the front surface (Stohlmann, Kleemann, and othere). Other ex- 
peritnontera have shown a selective effect, in the case of certain metals; 
for instance, witli the sikalme metals, according to Pohl and Pring- 
u'. echeim.® there are maxima of exciting power at wave length 0.300 ^ 
for aodiiim, at 0.43f> p for potflasiiim, and at 0,330 v for a lii^uid alloy 
«.f potiLSsiuii! and fjodiiun. The general exciting power increased 
regularly towaj-d the Etna Her wave lengths. J?everi! workers have 
abo endeavored to extend the photo-electric sensitiveness of photo- 
efcctriu cells into the infra-red lElster and Goitcl) or to iitilixe them 
for photophony (Bloch). 

However, the greatest effort has been spent in order to find out in 
vafeuum the variation of the initial velocities of the photCH!lectric 
electrons with the wave length. This problem hag a great tbeoretical 
I interest, and the simple Isw.s stated by Lenard since 1900 for the 
ensemble of radiation omitted should be studied acpamtely for each 
PMive kngtli of tlie exciting radiation. According to Lenard, the 
iotal number of electrons cmittCfl is proportional to the mtensity of 


^ fj*r PtiTwtl:, TflL 23^ p, ISWT. 

*Bld£Ei, RadiiuDL. v<i|. p, iSe. 10 la 

■PohJ *ai] lYlasKlielm. Virt. tfcr pcutBCb. roL 12^ 
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the incident light, hut their velocity is inclepeodenl of it^ lui well as 
of the wave length for any given metaL This odd result does noi at 
all agree with the quanta hypothesia which, according to Einsicii^ 
lends to a linear variation of the ioitial energy^ with the fre¬ 

quency, We may further in our measurers replace the initial velocity 
by the maximum positive potential V which the niota! can take imder 
the infinenec of the raya (that is. ihe potential of the :?toppage of the 
clcctrims). The first menaiires made upon thb matter by Laderi- 
bur’g^ showed an inciense of the imtial velocity with the exciting 
frequency- Taken tip by Ladenburg and Mar lav,® riulh" TTnghes/ 
Richardson,* and others, the experiments have confirmed, although 
jjot without disputeand difScnlty,theqnalitalive result of Lmlonhurg 
and apparently the theoretical kw of variation due to Einstein. Cer¬ 
tain writers contest this In^ deduction and claim a parabolic in plat's 
of u linear law of variation." Our own unpublished experiments com¬ 
pleted upon tills question kad us to reserve onr decision, beeause of 
Uic smallness of the ranges of wave lengtlis studied by all these 
otperimenlers. It will be nccessarj' to take up with quarts appa¬ 
ratus tlm question, working with the aikniine metals from the visible 
spectrum wny up to tlie extreme ultra-violet. This is the only pro¬ 
cedure which will allow a real experimental test of the theory of 
quanta. ’We will close with the I'^siilt^ obtained by MiHlkan^ and 
his pupils^ who have found in certain cases abnormally high initial 
velocities. It looks as if there might be experimental error due 
to the mode of production of the dbeharge by the ultra-violet light 
and the influence of the electric wa^'es from the source upon the 
measuring apparatus. 

(2) The discovery of the ioni?Hfttis>n of gases by tiltm-violet light 
was made by I^nard in IIXK)- As the effect was produced across 
several centimeters of air and made very great positive and small 
negative ions, it was natural to interpret the phenomenon, as did 
J. fL Thomson, as an Hertz etfeci upon the solid or liquid partkle>H 
present in the gas. The researches of Langeviji anil tho^ of Eugene 
Bloch" haveahowni! indeed, that tlie greater part of the Lenard effect 
Is certainly due to this cau.se. 

The Inienard effect upon the gas itself nevertheless does exi.st. Re¬ 
found by J. ,T, Tliomson* and then more decisively by Palmer/" it 

• LAik‘*Njg, Thj3. -ral. 6, p. ftWi, IOC". 

• M.a& MArlwTp vehh 0. p. S2J, im\L 

“ UVJU Fhy^ t&L 15. p. 53T. 

I'bjl. ^tkK-r 21+ p. 303, ItUl; Ptcw. Cuntir.,, ™i, Ifl^ p, 1(111. 

■ nicimt4#qn. VtiL Utui^ tqL pp. sio, rjtii. IP 12, 

*KimU, CanifeltuJt, Fbyj, laiO and 1513. 

♦MimijiD aqd Wrtght, P1uf». Urrlnr, Juduif^ nud Fi?tiTiuiJTr. 1011+ 

• much, lUdlitbl, p. 2i0, inoi, 

'Thoitwn, Pm+ Cao«br.p toL N, p+ 417, 1007. 

^PilbicT. KaIele^, vtfL 17, p, M2. IftfW t Phri. BeT.+ p, |, tOtl+ 
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has dlMttciy been considerably studied and shows vet^ tlitfcretit ehnr- 
actcristip-s thao those at first attributed to it by Leunrd. It 
to be produced exclusively by the Schumann or extreme ultra-violet 
rays of wave length less than O.lBO ^ These rays will not pa^ 
through air although they will through fluorite and partly through 
quartz. It prtjdum small ions of both signs, neutral ceutera, large 
ions, and ozone. It La extremeiv sensitive to minute traces of im¬ 
purities in the gas, traces which can not i)e detected by other means. 
It can be distingnished from the Hertz effect and become very much 
greater. All these couclusions nre drawn from the researches of 
Hughes,* * Cannegieter,* I^cnard and Bwosauer,* and Ixion and Eupne 
Bloch.* The latter have shown also that the radiation iransmitt^ 
by quartz and coming from a mercury art^ ionizes the air feebly in 
the neighborhood of the arc and seems consequently to emit a small 
amount of Schumann rays. In place of the usual source of Schu- 
nmnn ra}'Ts, a hydrogen tube furniKlied with quartz windows. Lenard 
and Eamsauer used a very powerful spark between electrodes of 
tilumlnum. Then the ionization takes place even through air and 
quartz and the experimenters attribute it to ray a of wave length 
less than O.i the smalleat idua-nalet rays known and which were 
discovered by Lymann. As no measure of these wave lengths were 
made, it seems as probable that the effect is due to ordinary Schu¬ 
mann rays which have been partially transmitted by media generally 
opaque to them because of the great original intensity of the light. 
This question remains to be studied as well as the Lenard effect in 
general the knowledge of which is yet very limited despite the great 
number of interesting problems connected with it. 

t Ptdc. Cuebt^ VviL IDIO. 

*CAn-ri«fl»i;ere Fmc. JLnut., p. llX-t, SOIL 

'LtDiim lad Iftamnaffr. Sltnid^t^rx IRIdnStk^rf^ 1010-1011. 

* Jjhd 1.011 Eufcae Blocb, C^lpUii HMduii. toL 
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It will he iiiy puryosc in the pojsent rlLscourse to outline the pen- 
erul nature of ivirelufis traiLsnii^ion find to indkute its relnttonahip 
to trojisniifision by wire. It wiil also 1« rny obj«f to show* why the 
wireless energy sent out follows the curvature of the ooj-th and to 
explain other features whieh to many have been more or less pusi- 
xlinf, Tri aliort, T desire to present in simple terms a view of the 
nature of such wireless work, so that anyone reasonably informed 
about electrical actions can obtain, as it were, a mental pietnre of 
the process. I may here state the fact that perhaps otto of the earli¬ 
est experiments bearing on wireless transmbtsion was made in rora- 
pany with Prof- E. J. TToiiston, white we were both teachers in the 
Centra! High School in Philadelphia. This old experimenl to 
which T refer was made about the latter part of Vfi75, and briefly 
described in the Franklin Institute Journal early in ISIS, Tt con¬ 
sisted in using an induction coil which would give a spark length of 
several inches, then known as a RuhmkorlT coil^ the coil resting on 
the lecture table, one terminal of the fine wire or secondary of which 
was connected to a water-pipe ground, while the other was enn- 
nected by n wire 4 or feet tong to a large tin vessel supported ou a 
tall glass jar. insalnting tho tin vessel from the Icetiu'C table. The 
coil hnil an automatic interrupter for the primuiy circuit, imd tvhen 
in operatioti tho tcrmitiab of the secondaiy were approached so that 
II torrent of white sparks bridgotl the interval between them, the 
gap being alwiit 2 inches or so in length. Figure 1 shows this 
arrongciumt. When the roil was worketl in this way. it was found 
that a finely sharpened lead pencil approached to incipient contai'i 
with anv metalUc object—such as door knobs within the room and 
outsido thereof^would cause a tiny spark to appear at the ineipieut 
contact between the pencil point and the metal- This, of course, 
was not a very delicate detector, but was improved, as in figure 2. 
by putting two Bhorpened pointa in a dark box. a deviH due to 

I LMtari! bj Ptof. ThonifrWi, printed atwr wWam hj Ws* lutbw. bj penniJMjfln *f 
yitioai.1 ElKtrlc Llfbt AsiwditlQ^ Kw TiAHl 
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l^dison. One ur both poinU ^^'ere utljlisted fsu as to muke incipient 
eontacrt, and the liny frpark obaarved betwL'en the poinla was iiii indi- 
ontion of a shock, commotion or wave, etectric^l in it’* eintraeierj 
in tlie ethcp snrrouiitljng tlie tin vessel mounted on the gla^ jm-. 
Tho tests for detecting the impulses were carried on not only in 
rooms on the same floor, hut on (he floor above nnd on the floor aiwve 
that, and finally at the top of tlie building, some SO feet away, in the 
astronomical observatory. Metallic pieces, even unconnected to the 
ground, would yield liny sparks, not only in the basement of the 
building, hut in the highest part, with several floors and walls inter¬ 
vening. I incDtJop this old experiment particularly becanse it iiEis 
in it the elements, of oourtie In a very crude form, of wireless rrans- 
missien, tho wire and tin vessel attached to one terminal of the coil 
being a crude antenna witli its f<park-gLip connection to ground, as 

afterwards used in 
wireless work by 3ilar- 
ooni, and it also 
show’s a rndimcntuiy 
receiver or detector, 
a metallic body ar¬ 
ranged in connectioji 
ivith H tiny spark 
gap, so that electrical 
oscillations in such 
body would declare 
themselves by a fhint 
spark at the gap. It 
was understood bj- us 
at the time that after 
., , each dischnige of the 

coil there was, im it were, a shock, or wave in the ether conristinff of 
jt quick rerersed electrical condition, and it was even imagined That 
there might be m this process the germ of a svetem of sUmslimr 
Through spaM, This old work was almost forgotten when it wim 
recall^ by the later work of Heru, about 18ST, who demonstrated 
by suitable electrical apparatus that waves of the general natiiro of 
ight or heat could be generated, which waves are transmitted with 
the velocity of light, 166,000 miles per second, and that by suit¬ 
able resonators or detectors these waves could be made to declare 
themsclvK by tiny sparks. TTie Herteian oscillator was. as it were 
im electrical tiiniiig fork, having an actual rate of vibrution peculiar 
to itself and dei^ndent on its form, and dimensions. It was fed with 
energy from m induction coU and across its spark gap an oscillating 
discharge took place, which, at each impulse, died out like the dis¬ 
charge of a condenser, but during this discharge it electrically 
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tk^ etUer in one unci the other mtm. m dial mt electrical 
’ffdve wiiE I'^difited in eeruia directions from die ascjllntor. It was 
found that tlitise waves rauld be refrmrtedf reflectedj and polarized^ 
and, in genemi, dealt with as extreoidy coarse light or lieot wjives. 
We shall i^fer lo these* however, farther on. The general result^ 
however, of the Herf:i?ian experiiaents was to connect electrical waves 
it! tlie ether feniTounding the apparatus with the light and heat 
wa-vc^ and prove the identity of the two kinds of mdiatioiu the 
ilifference£s being only those of wave length or pitch* 

Since the Hertzian waves were a^nt out from the llertziati oscO- 


la tor in snhst anti ally alitiight lines, and since in the early days of 
wireless telegraphy it was common to regard wireless weaves as of 
the ^mc nature or as almoc^t identical with Hertzian waveSf tlic 
fact that the wireless waves were found to follow the cnrvalure 
of the cniili became 
a difBcully to be ex¬ 
plained^ Speaking 
for myself, I iutve 
never found the dilH- 
esjlty to exisL There 
b really no reason 
why the waves should 
not follow the curva¬ 
ture of the earth, as 
it will be one of my 
purposes to sliow. We 
wiD, liow*ever, ap¬ 
proach the oonditions 
of wireless somewhat 
gradually. 

TVe will first coasider an ordinary wire transmission of the sim¬ 
plest type. Let us assume a line of wire, as m figure 11, msulated 
and connected to one terminal of the battery while the other terminal 
b earthed or grounded* A simple telegraph gyatem on oijen circuit 
would represent this arnmgement. The only efi^t is tli&t the ba ttery 
supplies a small eharge to the line, producing a putetitial difference 
between the insulated line and the earth, assunLing, of course, that 
there b no leakage of any bind to disturb the conditions* As soon 
as the ehurge b established in the line at the full potential of the 
batterv'j which, in ordinary cases, would take place wdthm a very 
small fraction of a second, a steady or static condition is reached, 
wbit^h might be indicated by electrostatic stress llnee drawn frem the 
wire to the ground, as illusirated in figure ^ by the fine dotted lines 
connecting Uie horizontal line to the grouiiil Mirfaee below. Tf the 
wire be viewed on end (fig* 4)* we must reprea-ent tliese stress lines 
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US extending out riicliiiUy from ilie wiiie uiol bending over to jupet a 
considenible portion of the ground surfaee below. As this umioge- 
jnent is eunstitnted. then; is no energy Lninsfer uml ttie condition U 
static only, Jf now the far end of the line Lt earlbeil, os tlirtnigli im 
inHlmiiieid or device wUicb uses envi^t as in figure .% ut tlie tnomcni 
of ftueb coTiueelinii tliere would lie a lowering of tlie intensity of the 
»tri‘Mi toward the receiving itutirunient and the line would dis* 
charged were it not for the ujaintaining action of tlio battery, which 
still keeps up the dltFercnre of potential between itne and ground. If 
the line is without resUtauee, this potential will have tlie same value 
all tdong the line, espcclnlly if the line Is of utiiform section and of 
uniform distanoe from tlie grtumel, Tlio momeni, however, the in¬ 
strument ai ■* P* takes energj' from the line a current is found in 
the wire and n return in rrtrth, and there is, so to apeak, it How of 

energy in the space between the 
wire and earth and in the ether 
surroundingtbe wire, in the direc¬ 
tion of tlie arrow-^at is, from 
the gcnemtiiig end to the receiv¬ 
ing end. Surrounding the win' at 
this time there will be a tiiagnetic 
Held, which uiay he represented 
hy whorls or lines of magnetism, 
so called, wrapped around the 
wire like sit many hoops of xl] 
sizes (fig. <i), expanding in size 
away from the wire in all diiVMt- 
tiuiis; and a ;^iinilnr magnetic 
effect, of course, is niffo produced 
liy the retuni current in tho 
... , eardt, Bm on umjiiut of the 

tmnditions of eujiduetion in earth being veiy devhms and irregtt- 
lar. u would be difUoult to map the niagtietism generated. The svs- 
tem of magnetic whorls so tleveluped «n the flow of the current" in 
the Bystem reaches, for any definite current, a definite densitv after 
tt short interval. In other words, the density of the magnetic field 
^tween the wire and the earth increufies only up to a certain poinl. 
If the current, however, be doubled in any way, that field is doubled 
in deiKttv or there ure twice as many lines packet! in the apace around 
the Wire. If now wc took instead of an earth-connected circuit one 
in which there are two wires extending from the generating Imtterr 
or generator, the wnditions will be the same except that the stre-ii 
lines will now radiate from each wire end connect the wires by lines 
directly between them and by other curveti lines outside. Such lines 
or otherwire conceived *• tube of force,« represent die static field or 
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fielil where one wire wilj lie jjiiaitlve while rhe other Ls negative. If, 
as before, tUr enA^ of the wire are free or 0FnmH[:irenite(i qo energy 
tran^nittecli, anf] the mere Etatic stress exists. If, how^ever^ the 
wires are connected thniugh iin inBtninient receiving ^n&tgy or iitiliz* 
ing the eiiet;gy, then the magnetic scy^em hi derelopcd, surrounding 
each wire unci pacing between the wires, and on the estnbliahment 
of any given current these lines accumulate at a rapid rare unti!., in a 
small frection of a ^ond usually, a limit is reftehe<L The magnetic 
field may then be said lo be fully developed. Outiiide of the pair of 
wires the magnetic disttirbanco exlends to veiy great difdances, but 
is neci^ari-ly weak far away. The magnetic whork in ihk case do 
not center themselves in cireiilar patlis ai'ound the wdres and at e<iuii] 
dktance.H therefrom, but between the wures they are more condensed 
or pushed toward the wires 
themselves—tmwded^, so to 
!^peak—while outside of the 
wires they expand (figSw 8 
and It millet la- remem'* 
be red that these lines of force 
are merely symbols? for what 
may be likened to a magnetic 
atmospiiere. They indicate 
the density and dirc^^tion of 
certain actiom in the ether, 
called magnetic. It will be 
important to note, both in 
wire and wireless traiismis- 
sioiu tliiif the eiiergi' k tmimr- 
ferred in the.^ijrrouuJifig me- 
diuni. The wire in ordinary" wit© tran.-imii^iou k, in fact, n hort of 
gnidiiig center or core around which thk ether fli?Jtiirbttnce mrlying 
I he energy- exi.sts. The vrire may be bent or coited^ evpanded or coti- 
iracled without altering the essential nature of the ,So fnr, 

llicji, qniiiiary wire iTanstiiisHion is really a case of wireless trausmis- 
sion, with the wire for a guiding core for the energy (fig, 10). 

It would take us too far to attempt to explain or theome on the 
niwlem view of the pa^s^age of electrons in tlie wire forming the 
enrrent, and the field they carry with and obDiii them in giving 
rko to the jatre^es in the ether sOLrroundiug them. SufiiCB it to say 
that a moving electron miiat not only he aceompanietl or siirmuuded 
by the ^tic stress field which it produces in the ether but aii^o by 
a magnetic effect repre^ting the energy of motion possessed by itp 
IVhen a current which has been trtarted in a elreuit reaches a definite 
vabta it may lie said to liiive reached a steady state. It wtnilfl then 
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Itc a continunos fluirent of cnnstant Tstiie. Eti«F(a;j’ can tie stCAdily 
fixtracteii from such a ^atem only by intnKludng sumo apparatus 
connected with the wire which is the Riding core for vliie energv', 
lA‘t ns now consider the case of current of a diderent character, n 
fiuctiiutiiig—or better, on ulternnting current. Let us substitute for 
tho batten* an uIlernRting current generator, and assume a single 
wire with an earth or wire return, as in figures 3 and 5. Here the 
wire merely becomes positive and negative alternately, for the circuit 
is incomplete or unconnected as a cirmilt, and the airees lines from 
wire to earth or to otlier wires reverse periodically tlieir direction 
plus to minus and minus to plus. This is true, of course, whether 
the earth be replaced by s second wire or whether three or more wires 
bo mvob-ed, os in n three-phase alternating current circuit. By 
munecting any two of the wires through an energj-'receivLng op* 

pnnitus R (fig. ii), the same ac^ 
tion that takes place with the 
continuous current may be repro¬ 
duced eaoept tliat the energy now 
comes in waves and is not a con¬ 
tinuous flow. In ordinary cases 
there ore (30 complete waves or 
complete changes from plus to 
minus and back to plus in eacli 
second, and the system is then 
called one of OO-cyclo fretjuunty. 
A further important difference is 
to be noted between the akertmt- 
ing-curwnt condition and the 
continuous. The action in the 
•Jther around and between the 
wires JS now in the form of waves, botJi magnetic and dwtrostatic. 
Bel ween wires there is an increase of electrostatic stress to a iiiori- 
muiii, a diminution to aero, a reversal, etc. The mognetie Eeld 
aLo rises, falls, reverses, and so on synchronously. The condition 
L) no longer ^atJe, the medium aroimd the wires is in a dynamic 
state and it is now possible to abstroct energy steadily from it 
without actually diverting current from the line* We can, in fact, 
by such a sj-stem produre in neiglihoring conductors similar illsturb- 
ances or currents, and along with these disturbances we mav deliver 
€nerp:y. 

The allcrnn ting-current trjinsformer is then merely a device foi- 
lirui^ug two or more circuits together as near as possible and en- 
hancii^ the magnetic values which would normally exist around 
such circuits by the addition of an iron atmosphere, the iron core. 
&> that the greiitest possible transfer of ©oergv from one (the pri 
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tnary circuit! 1fi the other ithe secoiitkry circuit 1 may be nccoin- 
jilLslied- But III the wire itself, which leads fivun an ulleruatin;^' 
riirrent souree. since there la an action called a current which chan^a, 
pulsates, or alternates, we have also artumd the wire core waves in 
the ether which, in fact, spread to very ^‘nt distances» some small 
portion of the enerf!>’ of impid.se not returning to the system, 
imt passing outward into sywee as radiated energy. 

Tliia radiation may Im a very smnll ainoimt jwr cyde, eapedally 
where tlie outgoing and return wires are near togetiier anti pamllel, 
and with low freiiueticies, such as 00 cycles, on account of the low' 
iiunilier nf warn per second and the low' speed or rate of change in 
the fields surrounding the wiin, the amount of energy carried off by 
free radiation into space is indeed negligible. But if we rabe the 
frequency we raise the amount of energy w'hich can lie radiated pm- 
port innately to the number of waves per second, and we also make 
the rate of change higher and the wave slopes steey^er, so that 
as the frequency rises the riidiation factor becomes more and more 
important in dissipating the energy of the system. It will 1)e noticed, 
however, that such energy' b not directed energy'. It is diffused 
through space around the electric aydem at work and pn.ssc5 off to 
illimitable distances. Since these impulses in the wire, tlie electrical 
waves sent along the wire (willi the wire as a guiding core), can at 
the maximum move with the speed of light—1SG,000 miles per sec¬ 
ond—it follows that if the Line is sufEclently long or the transmb- 
s(<m siilBeiently extended or the patii of radiation sufficiently distant 
the wave stresses or fields or currents can exist at different parts of 
the system in plm,ses either much displaced or entirely opposite. 
This may l>e rendered clear by staling that while one portion of a 
very long line might Ije positive to earth another portion liidf a 
wave length distant from the first along the same line would be 
negaii^'e to earth (fig. li). In other words, there may exist upon 
the system at the same instant u auccesaion of weaves in upi>i>site 
plinse. dust ns in vibrating EtringB in musical instruments or vibrat- 
ill El columns of air in organ pipes there are slationaiy waves, nodes, 
and intemodeft, so in electrical systems in vibration there can be 
nodes and intemodes if the conditions are selected for obtaining that 
effect. Here the dotted vertical line indicates the nodes of itie 
Wftvejs. We may thus have sso-called stationary electric waves 

(fig. 12). 

Wo find that on raising the frequency of an alternatingcurrent 
system from, say, ilO cycles, the ordinary- frequency, to (JO0 cycles, an 
effect which nt first w’as hardly detectable now becomes important. 
It is the ifo-called ‘*skiii effect ” whereby the current in a wire cir¬ 
cuit tends to concentrate itself on the outer skin of the eondiuliog 
wire, neglecting the tnnei' copper, bo limt the inner core of the wire 
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might left out. XVmsitlcr tlie frequency Hiill further rais^ed, rsny, 
to 6,(XK) cycles, this “skiti effect” of tlie coaduetor sliU further in* 
lUWtscs until the (mpper in the tnieriur of a circnlar wire of n con* 
hide ruble size is now quite useless, and to get the advantage of such 
ecqipei' w-e must, as it were, take it out or spread il in tt nimibei^ uf 
parallel wires spaced apart, or make die metal of the i^unductor 
in the form of u long dieet or in the simpe of a thin tube ur a ciige 
of wi^ tfig. W}, This, in electrical terms, improves the con¬ 
ductivity and reduce the opposition due to self-induction e the in¬ 
ductance counter E il F- L«d now the frequency be still furtlier 
iucreahcd to tens of tliuiisunds or hundreds of thousands of cycleti 
per fiecond; then our conductor must necessarily become a still 
thinner or a still more extended sheet. 






o 


At the same lime, if there are considerable differences of iwtentiai 

between the conductors 
thus arranged, the ni- 
diatioii factor may at 
last become very im¬ 
portant, so that if the 
parls of the circuit are 
far apart, free radia¬ 
tion into sjjucc may 
dispose of R large frac¬ 
tion of the energy sent 
cult. Ij) the Hertzian 
ciseiUator, deducting 
that lost in the spark 
gup, practically the 
whole of the remain¬ 
ing energy supplied is 
radiated into space. 
Tlie wave fi-cquein^ may be very amny millions per second, and Uie 
wares pHuluced tie in the nature of coarse light and heat waves. 
Figure U exeinpUfies diogrammalically the fnet thal witli very high 
frequency waves a i^nductor carrying such waves will have .surround¬ 
ing it. if tlie sjiace is unrestricted, magnetic systems of lines reversed 
in direction with ncxles iK^tiveen, the distance apart of these waves or 
nMt» being determined by the frequency in relation to the velocity 
of light, eacli complete wave aittside the wire occitpj-ing a length 
equal to the velocity of light. IBO.000 miles fwr second, divided bv 
the ware length or frequency, 

I'igures la and 16 represent forms of Hertzian oscillator, (ronslst- 
sng of plates cir spheres a b of metal, separntetl by a small spark gup 
and ciiarged in any suitable way, plus and minus with respect to 
each other, and allowed to discharge across the gap. The chnrgea 
“ then interchangei;! between <i and 6 at a very high nite. 



are 
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though the waves dteay mpiJly^ unit the system vibrates only 
for tt short time or iiutil the energj* of the eharge Ls dissiputinl 
in ether WHves of ej^eeetling liigli piteJi into the siimitmiling me- 
ditiRi^ Were there no energy^ lost in the gup itself for foriuing the 
spark, and if the metal were a jierfeci conductor^ the full amonnt 
of eQerg>‘ represetited by any initinl charge would be dissipatei] in 
the ether in these ether waves. MirronL however, in his devekp- 
nicnt of wireless tekgmphy did not use the complete Heruiim oscil¬ 
lator. in setting up his t ran emitting anteima be took $ubt^tjiotialIy 
liaJf an o^illntor. the other half being., so to i^peak. n phantoui—the 
reflected ininge of the first balf^ as it were, in tlie surfnee of the 
earth, generally the sea surface. It would be represemed by taking 
an extended (sopper sheet or surface coated wLtJi a fairly good con¬ 
ductor to represent the eurtlva surface and mounting above but 
insulated from it, a metal bodvj such m a vertical rod^ whidi could 
be charged and which 
could dkcluirge to the 
sheet through a small 
nir gup. In this iir- 
rangcmenl noi only 
would wav^ be sent 
out into the surround¬ 
ing ether space, but 
there would be cur¬ 
rent traversing the 
!»hact m waves of cur¬ 
rent aruimd the spot 
where the discharge 
of the insulated body 
took place. In fact, J 
think it would be pos¬ 
sible to repre^icnt experimentally n nicxlern wurelt^^s sysletn with a 
dindnnUvo antenna to repreajnt the traiiKmitting ,«t 4 itiQu, and ex¬ 
tended copier to reprcaenl the earth-s aiirface^ and with investi¬ 
gating or ret^eiving antennal set up liera and there or moved from 
jwint to point on the extended surface* 

Herci although the liistiirhanre aud the energy' conveyance ia In 
the ether around tlie antenna (or the part representitig the half of 
the ItcrtziaiJ oscillator), the energy is guided in its direction by the 
currem In the sheet representing the surface of tins seu. just as in 
the wire tmiLsmissiori the energy is guided by the wine as a core* 
On aceoiuit of the enonnous extent of the oarth-s &e» siirfacct there 
is no need of a return circuit. The energy sent ont moves in all 
directions, guided by the conducting water surface or lami surfflce. 
fts the case umy be. There will necesi?aTily be a rapid attenuation 
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nf the energy lUi it leuves the sending gr iraiiiiiuitlLitg jiiitenna aaJ 
bpreadii giit to fill a wider and wider spac'e nroimd ii. The higher 
the seDcliiig anletma the gi'eater the distance which can bo readied 
before the attcnttaticin ie too great lor unparting signals, 

I,et tia ooDsidor for a nioment by the aid of a figure the actions 
which must ocxur m wirde&i> transRiission on the sending out of 
energj' from the transmitting antenna. Referring to figure 17, wc 
will repreecnt by «—e the surface of the earth as if it were fiat, and 
for moderate distances this will be substantially the case. We will 
erect on that surface a tail mast A of conducting wire or wires which, 
at tlte top, shall have an extension to increase its,capacity. This 
might be a large ball of sheet jnetaL Usually, for construction to be 
practicablo, it is a set of wires—a sort of cage or a skeleton body, 
Xow, by any ^stem, inductively, conductive]}', or otherwise, or by 
what is known as close or Ifxsse inductive coupling or what not (figs. 18, 

m, 20) wo cause ele& 
13^la. RjJS. Fi^Za trio disturbances, such 

that at one instant the 
top of the antenna be¬ 
comes positive and at 
the next instant nega¬ 
tive, many thousands— 
even hundreds of thou- 
F 1 sands—of times per 
second. In other words, 
we impress a high-fre¬ 
quency wave upon this 
vertical mast, Wg will 
try to present an in- 
ataniatieoiis picture or form an instantaneous imago of what the 
condition ia at the beginning of the process. 

Let os suppose that the charge ia positive ut the top, and necessarily 
the surface below and finmoundSng the mast will be negative. Elec¬ 
trostatic lines will estend from the mast, and particularly from the 
expaosioD at the top down to the earth’s surface in all dlrecticms 
ortiuud iIm> antenna, as in the figure. Tlie medinm around tlie 
antenna will be stressed electrostatically. This would be all, pro¬ 
vided the charges were stationary, hut system we are considering 
is dynamic. The plus charge is replaced by a minus charge ut the 
top, and a current of a high frequency runs up and down the antenna, 
hut so also does this current extend into the sea radially from the 
fwt of the notenna, replacing tine negatively chargtHi area by a posi¬ 
tively cfaaiged acme, as it were, while the top of the antenna is nnw 
negative where it was formerly positive. (Fig. 21 A (p. £5ij, one 
side only oltown, and fig. 31 B. in plan.) 
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Aa this ncrtion goea ou, howerer, tiie zone of cbarged atiriiice 
widens^ and ether wares are, no to spc4dt, detached from the antentia, 
and electrostatic lines join now through the air or ether above the 
siiciMfisive xones which surround the antenna as great circles or Hat 
rings of the sms surface, A plus area hf followed hy a minim, a minus 
by a plus, etc,, and to Indicate the effect in the space above, we draw 
lines which follow these areas, extending up into the ether above the 
surface, blit moving away from the antenna with tiie velocity of light 
The mtH'ing chargee in tiia sea stirfaco represent radial currents 
which are in opposite piinse at different portions of the sea snrfitoe, 
and spreading nt 166,000 miles per second, Hiid these currents neces¬ 
sarily genemte magnetism or lines of megnetic force in the inediuni 
directly above them. These lines extend around in zones with dimin¬ 
ishing intensity upward from the sea surface as the distance from the 
surface increnscs. Even within the 
water itseJf a similar action, but 
more restricted, takes places The 
charges in the water are connected 
by electrostatic stress lines, and the 
comiMiisating magnetic field fol¬ 
lows the current, but this “under 
water" effect does not concern us, 
os what we work with is the energj' 
conveyed in the space above the 
sea, the other not being so easily 
recoverable. 

The system as thns fur consti¬ 
tuted is merely an arrangement for 
del 1 veri ng energy in h igh- frequency 
waves to the widespread medium 
around the antenna. There is no selective action w'hereby it is 
focused anywhere—it is os a "voice ctying in the wilderness," It 
can be picked up or recogniEed in any direction by anyone who is 
within range. If, now, we are to receive signals such as are made 
hy interrupting or disturbing at intervals this system of radiation 
of energy, as in ordinary telegraphy, we must set up somewhere a 
recei^dng apparatus which will enable us to pick up whatever small 
fraction of the energy reaches it and, if possible, a sufi^dent fraction 
of such energy for the recognition of the signals. If the signal can 
be recognized—no matter how small the fraction of the energy sent 
put is which we collect at the rweiving station—the system succeeds. 
There is no question of efficient transmission, as there is in the ordi¬ 
nary power-transmission, systems. The latter are for the transmis¬ 
sion of epergy with as little loss os possible, the former for the trans¬ 
mission of signals only. 


n^?l B. 
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In the imtenna minfijiiiesinn just mnsidwcHl it is uaumpil that tlir 
surface of tlie earth is, iptieralty speaking, a ijchhI electric conductor. 
The surface of tlie sea is suflicicntly guotL Dry land surfare, how* 
ever, not n good eondiictiiig sheetv and even thnugh moist it Is 
penerally 90 irregularly condiirtiug that ohlitemtiun of the waves 
and loss or absorption of the energy tniist necessarily wcur. Olista- 
cles. such as dry rock nttigee, may absolutely prevent the waves front 
passing over thetn. It mufft Iw borae iu mind tbat tbese waves have 
no inertia, as such, and that the energy must be guided to its desti¬ 
nation by a conditrting sheet. Tins calls to mind tlio eflorts tlini 
fl’Cre ittntle to conne^'t Lynn and Scltenectady by a wireless tystem, 
hut without sii<?ccss. Occasioniilly signals were re<ieived, but in gen-* 
oral they were too indistinct to rec^^gnizeil. It is more than 
probable that the dry rock ranges of the Bcrioihttes in western 
Massachnsettfi were siiiTtcient nf on fd)»tncle to |>revent tlie energy 4 >f 
the waves getting across them. 

It is also to be <iuesiioned w'hcther there may not be another action 
which interferes wlili and disturbs the integrity of the waves. It h 
conecivable that waves maj' follow a water surface, even around R 
rape, and that a portion of the energy may take a short cut ftcmss 
the land of the Mpe, If ihm lie so. the longer course woubi lie 
around the cape, the shorter course across the kind. The wave 
loigtbs wotdd reintiin the aarae, and an out-of-phase rein don or 
interference phenomenon would take place to a greater nr less extent. 
It is manifestly necessary that the energy, by whatever coiirw it fol¬ 
lows, shall reach the receiving apparatus in pha.se. 

Let 115 now con.sider for ji moment the conditions at great dln- 
tances over the enrthVsurface. At moilcratc distances from the trans¬ 
mit ting antenna the surface may be considered ns flat. The conducting 
sheet guiding the energy is flat or plane, but at great distances the 
curvature of the earth’s surface liecomcs an important factor. For a 
lime there was a great deal of disciLssion as to the reason why the energy 
ill ilic wireless transmissiou seenicd actUAlJy to follow the ciirvaluraof 
the earth, instead of going straight away. L in the ease of Hcrtaiati or 
heat and light waves. If the waves had been goneratcil by a huge 
HertyJnti oscillator, it would not be possible for tliein to so follow 
the earth's curvature, hut inasmuch as they are In wirel^ work 
produced and. as it were, positioned upon a conducting sheet fthc 
sea surface), then it follows tJiat the energy must be guided by that 
cooducting sheet or surface, regunilessi of its extent or its curvature 
I have never been able to understand why so ranch discii^n has 
been needed to dear up this point Wireless waves lia^'e no inertia— 
they follow the coarse of the charges which produce the stress and 
of the magnetic field, due to these charges in motion. These charges 
m motion are the currents in the conducting sheet, whidi may or 
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mny not bo curved. In tlip cuired surface of tho ijwati tlif zones of 
fliatge eonlinuAllv expanding, plus and miniiF, respectively, are still 
vonBccteil by the electroetstic lines above them, and the moving 
charges still generate the seme magnetic field as tliey traverse radi¬ 
ally or nutwardlv in the curved instead of the plane sheet (fig. 22't. 
and this curved conductor still gnicles the energy, just as the vrtre 
(iocs in ordihBry transmlssian. It would seem, if this is the correct 
view, that nt n distance eompanibla with that of a quadrant of ihc 
earth’s circumference the form of the wave would be such us to cimse 
tile stress lines' to lean backward with respect to the surface, tending 
tt» keep their original relation to the transmitting antenna as tliey 
n-cre detached therefrom (fig. 22. at L). This assiimos tllst the 
velocity of transmission Is the same jis that of the spcc<J of ligJil, 
both for the currents in the sea and for the stresses above it. 

Marconis success as u wireless pioneer depended largely upon the 
choico of a snfliciently sensitive receiver. Two elements are necessary 
in the receiver. First, a condneting structure which gathers up the 
ciiprgv' from the medium, the ether, above the earths surface. The 
otlicp element is a suiEciently delicnte iiii‘an.s for detecting the slightest 
changes of electrical condition, not only actuated by what little 
energy is received, but so modifying it that It con ojwrate a ,‘tignal 
which can be seen or heard. tTsually the receiving antenna is a ver¬ 
tical conducting mast or cage, like the sending antenna. In fact, 
the functions of sending and receiring are interchangeably used on 
the same structure; tlie same antenna may be at one time used for 
transmitting and nt another time for receiving. 

The receiving antenna (Gg. 22^ serves to relieve the dectrostatic 
stress in its vicinity, much as a lightning rod may act to relieve 
cloud to earth stresses. If its direction could be made to follow or 
Iw pai'aJlel to the actunl course of the transmitted lines in tlie spacii 
near it, it would laj most effective, and if. ftirlber. it could extend 
sidewise over a ('onsiderable extent of the wave fttmi, it would gatlicr 
up more energy. These conditions, however, can at lie.s-t Ik- only ap¬ 
proximately met. If tlic receiving antenna were of siii‘h a character 
a.-i to have no oscillation rate of its own la dnmi>ed circuit) it would 
ret?csvc energv' in a Bmall aiiiwmt from the tninsmitting anteiimi 
lurlejtendent of the frequency, but as this would in most ca.scs be far 
from suGiclcnt, it is desirable to accumulate energy in the receiver 
from a train of waves at a definite rate. To do this the principle of 
syntony or tuning is brought in. Every'one b familiar with the two 
tuning forks, where one is sounded and the other is placed at a dis¬ 
tance away. If the two forks are not in harmony, no effect of the 
one fork on the other follows, but if they ore accurately tuned in 
miison, the sound of one fork at a oonaiderable distance from the 
other starts the second in vibration and produces an audible sound 
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from it* Th(> «^iid fork 'm fuel, n stniiituj^ particiiluriy wull 
adapted to gather up the energi" of the sound waves which reach it: 
reeel ving frtim each wave a small portion of energy and aceumuktliig 
such energy until tho fork brought into palpable vibration* 

By applying tliL^ principle in wirele^Js telegraphy—tliat is, by caa^ng 
the rate of vibration or frequency of the electrical wave? to be the 
same in the transmission and in the receiving antenna syjrtemsr coti- 
stnicting both to a normal rate as if they were to be electrical 

tujjii]g forks of the same pitch—the amplitude of the received im- 
pulscbi IS greatly uicjeoiiod that signal strength is reached where 
other wise failure would have resulted. The one thiug which has 
char-acterizetl the more recent advances in wireless tolegrapliy has 
been ihe accuracy qf tuning and the removal of djstiirbing iiilluencea 
which would interfere with the tuning. 

Formerly the transmitting eircuit wuh exeketi by nieana whicit 
tendcil to disturb the actual normal rate. If excited inductively, the 

inducing or primary 
circuit had a rate of 
its own, which was 
apt to interfere vrith 
that of the vibrating 
antenna system, 
llowever, vrhat h 
known as loose coup- 
ling (fig. 20), in. 
stead of close coup¬ 
ling (Bg. 10), to the 
primary or exciting 
circuit causes such 
cxinft^on of rate? to be nearly negligible if, particularly in tlia 
esdtiug circuit, the current is well damped, as it is termed, or con- 
fined to a sidgJe brief im pulse as far as poerible. In such ease the 
antenna circuit, in timsaiitting, acts as if it ivere a bell struck with 
a sudden cjuick bioir, ond it vibrates at Its own rate without dis- 
tiirbanee or interference. At the receiving end fond there may be. 
of eouree. many receivers in the space around the transmitting 
antenna)', the ** listening-in ” procea oon^ste in adjusting the rate of 
vibration of the receiving circuit by variable condensers or induc¬ 
tances, so that the maxitnum loudness of the received signals is at¬ 
tained, The two systems, transmitting and receiving, are tlien in tune. 

Areuracy of tuning is eridcntly very important if stations are to 
be simultaneously transmitting when near together, os only in that 
way can one station send out energy without interfering with the 
other: the particular receiver for which the signals are intended be¬ 
ing tuned for the particular antenna sending these signals. In spite 
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of the iicouniey of timing, however, high-[>oiver stntiomi ittoy, in fact, 
cause liigh fre<|uency vTaves of high potonttal in nil surrounding wire 
or metal strtielun';- if near enough. Bum oittff, or even tirea, m«y 
occur from thhi muse. Hence it is desiruble that liigh^power sending 
stations should be well remoi'ed from centers of population where 
there arc electric circuits and electrical nppnrntus likely to be inter- 
fered Tritli or iniured. 

Tt may be here pointed out that the limit of potential which is 
available in wireless Imnsmlssioii is tlie same ax that of long ilif?tanre 
transmission by wire and for the some cause, Xaturally, if the po 
teutinl on the sending antentw can be raised, the amount of energji 
which can be put into the wave impulse will be inereased. but there 
comes a time when an increase of potential on the wires of the antenna 
givts idse to a corona loss—much an the increase of potential in wire 
traiiiimission produces a corona loss. Tlie conductors of the svstem, 
in such a case, are sumiunded by a blite discharge which is even 
risible at night and which frequently can heard. Wnicn this con¬ 
dition L* reaclioil ever)' further increase of potential simply increases 
the corona loss without adding correspondingly to the cnerg)- tmns- 
mUnion, .Just as in wire transmission it can be avoided bv iticrea.*i- 
ing the diatncler of ihe conductors, eu in wireless work it could l«j 
avoided by constructing the antenna sj'ptem of hollow tiiljes with 
smooth exteriors, anil the imagination mny lie ^rermitted to depict a 
sending tower of polished metal surmounted by a sphere of siiuilnr 
material and worked at. miilions of volts. Xo limit can be act to the 
amount of energy which might thus bn radiated, and no limit as yet 
can be set to the dLstance around the earth to ivhich signals might 
be sent by such means. 

One curious fact which hoa Iwen developed in the work of w'ireleaft 
signaling is that daylight, especially sunlight, is very detrimental to 
transmission iis compared with the night Tliat is to say, if the wire¬ 
less waves sre to traverse the sea surface in sunsiiine, the chance of 
receiving them in sufficient force to produce signals nt great distances 
Is far less than when they are sent at night. It b probable that this 
dtlTcrence is not due to any single cause—it may be the effect of a 
t'oinbination of causes. It is a notable fact, too,'that tbLj difference 
Iwtweeii tlic effectiveness of daylight transmission and night trims, 
ra Lilian is accent untied nt the higher frequeticii^. 

Though the cause is still somewhat obscure, we may venture a 
suggestion or hypothesis which may luive a Iwarlng on ilte case. 
Referring to figure 23, we liavo tried to show the condition. The 
electrostatic field at the water surfare ut the same instant is as jn 
figiiro 21 produced in Koncs around the antenna J, spreading with 
iipproiiinately the speed of light. It is well knowm timt under the 

ifna—.17 
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tictiai) of lh«? violet and okra-violet rays of light any surface, having 
ti negative charge will leak Its charge and ionise the air near it. 
This may occur in sunlight i»ver such areas as are marked minus in 
the figures, and the several minus aigiis tvonld mark or Indicate air 
ionized and negatively electrified over the negatively charged zones. 
No action would be expected over the posiiive areas or zones. Rut 
die zones are not stationary; they are widening very rapidlv. bo 
that a positive zone or zones takes the place of negative so far ae 
any location Is concerned. This may he expresi^ by saying that 
the water surface which at one instant was negative and gave out 
negative ions under the inQiience of would, in an exceedingly 
small fraction of o second and before those ionn could get jnvay from 
electric contact with such surface, become positive and the free 
tons wonhl now return anrl neutralize a portion of the po-utive cliarg^ 
'I'hus the negittivr zones or wave elements would lose part of their 

ctiarge to 
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ionize jAir, 
iind the poaitiTe wjivee 
Wotj Id be weakened bv 
s u u li negative !e^ik 
neiitmliziftg thmx iri 
part. Thb c ti o o, 
bowever feeble ut eaeti 
wave, wonlij be eon- 
11 n II o II s over hijn^ 
dteds if tiot tbott- 
of milees awl 
c^inl i mioi id y do mp mi i 
tlic widening s?y^em 

of waves, tiie effect 
would be less marked 
, . . ^‘itb low fteqiiency 

there would k- n proportionate]v 1*^ number of oppor- 
tiinities for this noutralizadon per second. Besides, with the lower 
frequency there is more time for ilic separation of the negative ions 
to such distance from the water siirfooe that tliey do not itwibine with 
the positive rhar^; being, as it were, bettor Lmulateil from them or 
rliffiLs(.^d in the air stmtum^ 

in figure 21 an attem|st is made to picture this action of uttentia- 
lion m the presence of light. 'Fhe negative chaiges in the air Inver, 
as in figure 23, have no positive charges under them, the eticireiinir 
lines about the + and — !Ugn.s indicating combinaLion and ntutraliza* 

Iloilo 

When tlte wireless waves reach the receiving antenna. im W to at* 
tennation from spreading or loss as above, they are very feeble. The 


Wav 
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[iuj'lighi effect, ppifite<l om bj P^seenden, k much les8 whh the 
lower freciueticies* stich as IW^GOO per second ns rcjiiipaml with 
CtdO^OOO t>p 800,000 waves, Confjet]i?ently there is not the same 
differenre in :4peiigth of JHigiiiiis between night Jind day work with 
stich lower frequencies. Moreover, frequencieii of 100,000 or even 
200.000 arc capable of being generated directly by high-speed high- 
frequency dyniiniqs with the added advantage that the waves stmt 
uut are maintainet] at their full amplitude and arc tinU as with waves 
produced by spark discharges, mibjeci to dampuig or decay frtuii 
maximum lo zero after a few oscillations 

Wliatever the nature of the waves sent oat, there is in all ca.ses the 


need of an eaeceedingly sensitive appiiratus for converting the slight 
electric effeols upon the n'oeiving antenna into signals. The origi¬ 
nal appiixatus of Marconi included the Bianly coherer, use<l bv 
Loflge in Ilertiiian wave transaiiftrfon as a detet'tor. Tt is imlicated 
in iigtire 20 at A\ with its battery and sounder magnet M. The re¬ 
ceiving antenna di^harge in passing to earth broke down the in¬ 
sulation of the filings of the coherer, so that iho k)cal batter)^ cur¬ 
rent could juiss in the 


dmii^ including a mag¬ 
net M and so recf>rd the 
signal. The liquid liar- 
re I ter of Fessenden, tlic 
vjirioEis forms nf recti¬ 
fying crystal deletions 
and uiagxietic deteclors* 
have Imwii cxlcnsively 
itfiml. Our time does nut 
permit a detailed de- 
:%riptJDti. Figure 3B in- 
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dicatra at U ii crystal detectsr mrtifyiiig ibe iirtpuUfei from miLcnna 
A so as to ftork n high-rcsistanc* te[eplione receiver J\ to which the 
operator listens. Fijpjre 2T ^hotvs the siiuie apparatus, but connected 
indnotively to the fnitenna circuit by a transformer, 
reach mp the telephone T was such ils to produce a low iiute, tiiv 
were easily drowned by extraneous noises nr induced elTect!?. 
He fanud that the human ear reached a maxiTnnm of sensitiveness 
Ht aiKJiit 900 waves of jjound per second, so that the signals were 
hesnl distinctly when otherwise they would have been missed. Tills 
is the meaning of tlie substitution of dynamos of about SOO cycles for 
exciting the wireless antenna in place of the ordinary nntchines of 
lower frequency. 


Tlie problem of wireles^a telephony lias attracted idtcntiou for a 
immber of years past. 1 well remember wittieswing some of the 
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earlier work of Pessendeti m tbU fft^matinfc fidd, id which he was 
pioneer. The wireless telephone speech was free from all disturbing 
noises and interferences so eominon on ordinury telephoiic lines, 
Bridly, fjiich telephony dependii on the ability to conlrol the voieo 
waves and vary in aoeordaxice therewith the cnerg)^ given out by tlie 
tmnsmittiug antenna and to do thb with a fairly large output of 
energy. 

By employing a method 1 de^rJbed about it is possible lo 

generate a continuous wave train by sliiiniing a direct eumnt arc 
with a capacity' (condenser) in aeries with an inductance, tho fre¬ 
quency rate depending on the electrical constants of these parts of 
the appanatii!?. Thk systeiu^ which was the sub}(?ct of the United 
States patent taken out by jue id the early nineties^ has been vari' 
ously called the Duddcll singing arc, or later the Poulsen Poul- 
sen employed it with modificatians in hb S3^steiu of wireless tul- 
ephony. Long befom this work of PouLsen, Fessenden had used a 
high-frequency dj'iiAmo for securing the continuous train needed, 
A suitable microphone transnxitter was made to so alter the rela¬ 
tions of the wavas in tramsmitting and receiving unteniw. that voice 
waves could be w^eived in an ordinaiy tdephoiie connected w ith the 
receiving antenna sy:^tem. 

Much progress has been made in this department of wireless work, 
anil such teiephony betw'een Enrnpa and America may yet berunie 
practicable. Methods are being worked out whereby it may be 
po^ibb to mnid outputs of many kilowatts of energy so aa to have 
tliem VQ^' with tiie voice waves, and when thk h done many prob¬ 
lems. the solution of wliich now sterns remote, may become solved 
end the residU prove of great practical A-alue. It was not;, however, 
my intention to devote time to these later researches, but to endeavor 
to presetit to tiie miiidV eye a view of the nature of wireless Irons- 
misainn which should tlie similarities to ordinarj' rransmisdon 
by wire and also the differences. Furthennore, I hoj^e 1 have shown 
it to he evident that future transmbision of energy at high efficieneie^ 
will still demand the wire core for guiding that energy to its 
destination. 


f)IT. Fn.MS ox WATER AXO OX MERCimT.* 
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(With t 

Certain phenttraeim of dally observalidn aro of grmt interest to 
the phyHici»t. Especially so is iho cspjm^ion of oil over the sur¬ 
face of water or of m<"reiiry, I have studied this matter for a long 
while, and from all my obeerTations several iinex|>ected facts stand 
out. 

t iljiLs of oil tell ns with the greati^t nicety of the discontinuity 
of matter, and the dimensdons of molecules. They also give ns val¬ 
uable information as to the field of molecular octioiL For our 
observations wo will find thiit there is tin need of com plica 1 €k 1 ap¬ 
paratus^ businsr pai>ort threads of glass^ a pipette, a sieve with scniHi 
talc powdcri and finally ^ome oil and benzole suffice for the greater 
part of the experiments^ -:1s to nMasuring instruments^ o double 
decimeUT will do^ although its divisions be a mlHion times greator 
than the diameter of the molecules* Tliough it seems Uko measuring 
microbes with a surveyors chain* we will see that the measures not 
oidy ran !>e mode but made with great precision, because of a very 
n^rkoble peculmrity of films of the thickness of one molecule* 
We will yet further ^ that the smallest vo^riation m homogeneity 
engenders considerable differences in the surface tensionst cnuiiing 
the moleimle^ to become exactly e<iuidi 5 tanL 

^TimbslD.[ed by pcnn^lan frow lE^viii dr^ ScTracHi et applIqu^M, Pmv^t 

fMr. i, Pwhr laia, 

■ThJjK ■rtli.lu idfMi m. fuix]mi.ry of aU sfly rvMrcb^ Uji&A uil publl«aed alnqi- 
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!. THl.: f.lMIT (It’ THf; KXt‘A*NSJON OP <)[I, OVTIH WATKH- 

Wc Will first Iwk at an exparimiint of elementary simplicity yet 
fundamentaL Let ns pour some water into a photographic tray 
a nr] tiicn renmee all the impuriti^ from the surface by placing 
upon it jiiirt a ahwt nf thin paper. Then 1 licatter on the snrFiice 
u little talc poAvder and place upon it a truce of oil by rncaiiB of a 
very fine capillary ttibe. The oil spreads out rapidly from the talc in 
a cinde, since tlie [lornial surface tension of 1 he water is roiiBidenddy 
Jowered. But if there is very little oil, such as the capillary will 
take up by Jubl touching the stopple of the bottle, the expansion stopa 
suddenly, so that we have a circle of oil surrouDded by free water. 

Vet is the Avoter really free! Perhaps there are traces of impiiri- 
lies which stop the c.rtensioti of tJie oil. This is not the case. 

frft us touch with a trace of oil anotlier point distant from the first 
Hite tiiiicheil; a new circle foruia nnd extends oiitwnrd from the ttilc, 
hut ilic first one is in tio way afiected, ^To equilihrating impurity 
csitts outside of the first eirrie, otherwifie its surface would hove 
tjoeh deformed and diminished. There in therefore a real limit to 
the extenaion of oil upon water. ,Vnd Avhen that limit is reacher] 
tho Biirface tension is both tliut of pure water and of oiled water. 

Lict IIS throw upon this water isonie grains of camphor dit^t. .Vt 
once we see the grains in lively motion, but everywhere with appar¬ 
ently the same speed whether within or wilhoiit the oiled region. 

We may proceed difForeiitly. First spread over the water a sheet 
of oil, powder It, and then try to enlarge a little portion of the oil 
film by means of a strip of paper placed ncross it and over the eiJgu 
of lliis dish. At once the Avhcile surface is covered, sinco the layer 
of oil was somewhat thick. But there alwaj-s comes n time when die 
extension «tops: the oiled region marked by the talc remains fwliiitd, 
[illboiigh lliere is a surface of water free from lK>lh talc and oil. 
The limit is extremely clean cut and we havo side by side two riur- 
fa«'GS Avith the same surface tension—one of fni? water, the other of 
oiled water at its maximum extension.^ 

If at this nmment a tittle camphor dust is scattered on the surface, 
the grains will Ijie seen in active motion. In getting out of the way 
of Lhc talc they act like little tad|ioIes, If the surface is reduced to 
Olid-half all motion stops suddenly and the talc gathers around each 
particle of camphor. We may put upon the water a little tin boat 

‘ PoclM^t Jfiolnlwl oat tn Lord Ra^EcIgb ta u iftter putlhibiM] la Naim 

oti the V2ih of Mairlu p. 4;fT, Bom? trperlwflti roliUoir to Etiw fuctm, Jn 

PBlnrvluf ■ n£^|k|^(^ of aM ufUQ waiier op of whUP wolltil with mny olliPP 

of th&t imrlier TirtMi coiaEl□unllHl3f i'oodlUobk ^ jt 

w ilowlj ftl Tf rjr riTildlf p ifid H mHxjiqctiiu Aiij farther #Itrhp[DD 

from th« laitElmuin point |p*vr» t^OPilcm InliirlAhjIp Inonnal f^udtlionl. Jf Ulte*. 
I'(K-1C*I bad nttpPMl m Imn |k,w<lpp ufiOH tb*t niffg*,* to ri“lidrr It Vlit* tonld 

Eiivp Mlift.ii ilmt, HOikci Av EJhf ttuiiinmEn t» fttched, tti« ou would FJtond no funhor. 



OIL FTLMri WATER AND UKHCV^S —DEVAlfX. 


2I>S 


sccli a> I dvri^ecl in ISSB/ nn-d H'hk'h k^liowiv fiiJI sm in tlgun* * 1. A 
little fragment of campliur is stuck with wax in u notch In its rear. 
A little iLUist liparing n fjtreamer is fixed in the middle. This little 
ImaLj placed upon the water* mnve^i rapidly and contiiitioufily so as to 
be seen from all parts of a room (ph 1). 

I tised this tlerice the lOth of Aprilj IfilS, m Paris before the So- 
cidtf? de Phyaiipie* Pkmi at first upon water with a film of oil at 
iU tnasiiuuni extension it traveled just on pure wnter^ leaving in 
its rear a large wakei the talc was thrown out with a marked vibra¬ 
tion wbenover it came in contact with the camphor, JusL as if the 
camphor corresponded to tho prtspeller of the bc^aL I diniiiLished 
I he surface. At once the w ake hi-came smalkr* Tlie bc^at slow^pil up, 
T made tho surface yet Kfimller. The Ijoflt stopped. I Increased the 
hurfacftt the boat again moved* 

We may thus, hy the simple movement of a capillary loirricr (a 
strip of paper), show to a whole audience the effect of 
sudden and considerable changes which tlie surface ten¬ 
sion of water undergoes wlien covered with a film of 
oil of the critical thickuc?:.s. It is u very simple experi¬ 
ment and ver>' elTective. 'Ilierefare It h particularly 
interesting to know what thickness the film of oil mufit 
have at this remarkable plias^e^ 



n. THK THICKAT EXTKNHlOX. 

(1) — T^ord KtiTleigli, in his 

admirable experiments of tried to find what is the 
minimnni quantity of oil necessary to stop the move¬ 
ment of the camphor® and found an extremely small 
value^ a thickness of about l.fi In iSf^l he piiblistici! 
the hater of Mile. PockeK Avhich we huve just mentioned, luid in the 
following yeiir^ sliowed Uio stopping of the movements of the com- 


Elfi L—OsiSplKir 
bdhl (EHiinilj 

mophar dlI llu 
9l«m; fa^ DJil 
ftnkhliblps. 


phor by a gr&nsy txuly in iluc, ns tbe law cHspOTGCftl by Mile. Poekel 
ietl him to see, to ii sudden full in the siirfnee tension of wiiter when 
the grease layer baa the right thickness. In lS<tO he published a 
curve showing the relation lietween the surface tension and the cjiiaH' 
1.!ty of oil * and showed that the proportion of oil when Uic .surfmsj 
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tcusiojj (»f tho wntor begitia fall Ih ubout one-1i»lf that pt which the 
camphor movements stopped. Tlie thickness is therefora 1.6/5 «r 
0.8 ]t^ Bitt Lord R»y1ei|rh gives it ns simply 1 jifc 
We may obtain a yet greater precision by a method using drops 
of a standard solutUm of nil in n volatile solvent, 1 propuro » 
standnrcl solution of oil in pure benzole. I use a solution containing 
exactly 1 cu. cm. of pure oleine ^ntdeste of glycerin) per l,00u 
cn. rm. of benzole and a pipette giring SO drops of tltis solution per 
enbie eentimeter. Thus a ^ip contains g ain of a cubic centimeter 
of i>il, and 1 place two of these drops upon the water. As soon aa they 
touch the waUT.the drops spread over the whole surface; the era pom* 
tiofi of the benzoic m almost instantaneou.s aitd leaves a resifhie of oleine 
equal to ggl'g'g or 400X1^^ on, cm. Earlier mea.Hure!i showed mo 
that this quantity of oil could not cover all the surface of tlio tray 



fra*, a; 3.-^AftitivR[u&t Im UK^ifttn th* tkmLtnd thkkiu^iirji mm of 

oO; if, miQ of All; jK', W4t*n rrgiiom*y pawdimi MtjL bb *, 
Inil tir 


(62it £q, cm*)* I blow upon it to gnCher the invmble film of oil at 
farther and of the tray arid then acntter upon thcj nearet end a 
Ij^it Tcit of powdor with the sievCp The talc thus faLLs upon tho 
free surface of water E (fig. g); it scottere, carried by my blowing, 
hill you see it stops abruptly along the barrier TT% which thougli 
luviaiblc was sharp, and marks the edge of the oQ film II, The 
stoppage is of striking sharpness. 

I now apply to the portion of water uncovered with oil a band of 
paper ItW (%. 3), in order to have a straight capillary border. I 
now^ make this barrier approach gently the border of talc which 
s^aigbtens. os is indicated in the figure.* If the barrier is moved a 
little further, Uie talc grains just at the limit of the oil, and more or 
less distant from each other because thej’ are slightly oily^ we seo 

llsr ““ ***' “l“l* i*«> •artaet by thi hand 
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Scat eh RotJTE in Black That ck Water Powdered with Taul 
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uiLiler^an abrupt cloelng' up bcLffwli tiie oil untl the puper. Retreat 
tlie bjirrkr, fiiul all ut once the same grains become free, again floating 
freely Bide by side-. By means of these sudden changes and by mov¬ 
ing the paiie'r sligliily back and forth, I can accurately, within a few 
millimeters, fin<] the limit nt which the oil Is iust slightly contracted, 
that is ut the place where there is the first appearance of change in 
the tenaen. At this place I make my measure, determining once for 
all by toy double decimeter rule the length of the film of oiL 

(i) Itemlts .—We ihiia get the area of the mean surfare covered 
by the film. In the experiment made the 18th of April, ISIS, it was 
3C:hTl square wmtimeters. Xow, this was produced by two drops of 
the oil solution; that‘is, by 400X10'^ cubic r:entimicletK of oil. The 
thicfcnfisa of the film was therefore: 


V 

S 


4q^x 10-^ 

363.71 






with an approximation Itetween I.U4 nud 1.15 mx. 

1\'e can then amte from tiiis that the thinnest film of oil which 
cau exist upon water is one and one-tenth millionths of a millimeter, 
‘rhis thickness^ almost identical with that found by Lord Rayleigh, 
is remarkably Bmalh A simple cnmparlBon will give us a better 
idea of it. 

I>et us imagine a film of this thickness covering n globe 50 centi¬ 
meters in diameter; let ns enlarge in thought this globe until it him 
the actual dimensions of onr earth. The film enlargetl In the ‘iame 
proportion will actluire n thickness of only S)0 toillimeters, while the 
paper which covers the globe and upon which ihc world map was 
mads will increase from its original thickness of 0.1 millimeter to 91 
kilometers! 

(3) Compari^Qtt anVA t&dl^citlar i/nacfutwiM.—But we duiy make 
better comparisons. In tho molecular theory, the thinnest film of any 
substance which can exist is evidentiy made of a single layer nf 
molecules: for it is impossible to conceive of a film thinner than a 
moleculo except thrxnlgh tiic deformation or destruction of the mole- 
iTulc itself 

We pchEeas tti-day very mimerous and exact determinations of ihe 
Avogadro coni-tant, allowing ua to calculate molecular dimensioiuf. 
We have made the calculation for oil, or rather for the triolente of 
glycerin. Using Perrin’s value for Avogadro’s constant, we found 
1-13 ^ for tlie molecular diameter. The tlieorctical value of tlie 
diameter of a molecule thus calculated k practically Identical with 
l.ld the experlmeutaliy measured thlc^ess of an oil film at its 
maximum extension. The different is only in the hunflrcdths of a 
micron. 
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Wt know iltBr«for{> tbni u film of oil ai Iia mAximnm extension is 
form«) of only n single layer of moliTcules.' This remarkable fact 
b tni* of other films than thow of oil, nor is ii Umitcd to liqniti 
films. I Lave found it to be equally true for various solid .substuBCOs, 
with this difference: it is the solid state itself which disappears at 
the eritieal thickness imd not the surfoce tension, as witli liquids.' 
I therefore derive this general condiislon: the characteristic meehnn- 
i{‘tii projmrties corresponding to i^rtaln states of u body, the sur¬ 
face tension of u liquitl or the rigidity of a solid, persist almost 
intact dotvo to molecular thicknesses, disappearing abruptly the 
minute we go further. 

This feci has a general significance which we should appreciate. 
For the present, however^ we will be content in seeing u now and 
dirvtd demonstration of the disrontinuity of matter and the n.’alit.v 
i»f nmlecuk’i^; it Ls indeed a new method allowing ns to measure the 
dituensioiis of molecules with a pieciston irompii nilile with that of the 
I lest methods we have. 

III. THE EVimiCTlON OF lAttCE DROPS OF OIT, fPON' WATEft. 

Instead of pliidng upon the water u very uiinule truce of oil, let 
U5 put there nn ordinary drop of one to three hiindreiUhs of a cubic 
centimeter. We will now watch a series of pbenomenii as. interesting 
as what we have just seen. Scarcely does the drop touch the water 
when it spreads mit and covers tlie whole surface. But the film, of 
eoiirsp, ie very thick. It is hundreds of moleciilesj thick and dearly 
vLsible, because it n^Hwls light better than does water, (ienerailv 
we interference colors, at least nt one phase of its extension. 
But tills phase b ulwaya fugitive, especially with nondryuig :md 
fresh iiilh- and when the surface of the water Is very clean. This is 
the rose with the present film.* The evolution of a film lo^ but 
10 to 1* seimrids: indeed the principnl plmscs take place in the first 
H sei'ornb. However, on water already oily, the formation Is very 
iHucU rt't!i~led and the film appears with a sharp circular border, as 
ill plate T. Soon itii brilliuat surface is pierced with hlaek, eircular 
spots looking like holes, where the water appears «s if free from oil. 
These spots, nioi-e or less numerous according to the kind of oil. 
gradually grow in siw, and each oiie ia finally surrounded by a band 
of small droplets similar to pearls (pi. S). 

The first of these spots apijears nejir the edge of the film, where it 
Lh thinner than at the center. Thej' grow very rapidly and soon run 
together. The iqjots over the rest of the film subsequently Winve in 

•t^rt Bojaisab [a llw n-Mreb rttrd abo** dUCUMnl HU» •jUMtltnv Imt 1h» knowtiSlEi, 
Itwn. of IJUp mlnp of Avt^diV'i wi* naC «o icencutr, 

»tif'Tiiax. I, h?m i™. 

“TTif pnrtwfJi ol nxRtltm or It^ nitn* Ip cpr-rtill^r m.d Imp Iwb in * pwlil 

nwifiicin-Jnitliici r|. r, l>dL, iftlSK 







Plate a. 


Film of Ouvc Oil at "me BteiN*jinQ of its Evolutidw Upon Pore Water 
(Less twan Second after ths D£position of the EJacfl 

Thr ijEnb!T L'l^ Ibkk (rittn ttTJ<l f^rilorp). tbi* tpopfer Ihfcn ftjTOiWtl M list ftrvt 

^ipr. m m. Itu n iMltr mul whlkL The fllra Im hiiW i-vtr, aIhuIt 

IbXf^ rcl iin*lL ATiil^rp At Urn whlt^lp la^Oie w*'i mi the DdjB. 

Them Are flPU flriipleti At tht 














Plate 3. 



Flit* CoifPureLV Extcmbec, Aat A&ovr Two Secouw. 

muL'ki b4i3k<>ik Up nwi ttv hy yur[ijiii» lOxnJ ilruf^Undb ^ tlkdi burtfrff^ 
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the wiiy (pL 4 ). su ifiHt finally ihe film is changed into groups 
of dropletfi scattered over the siui-face of the water, which rimppeara 

if free from oil, and unifortnly dark (pL IS). 

Jt hi evident, however, tliat the siirfuce of the water b yet covered 
between the globules by a very thin film of oil; and tlic |>end^ence of 
thill linaJ phase shows that it reiQaias ia this diacoEitinnoiis conditinn 
tieeiriise the oil on tlie water is alinost in static equilibriim. it is 
therefore necessary tu distmgnish two phases in the developiiient of 
iin oil film—the evolutionary phase, always fugitive, and the final 
static phase. 

I V. Tim aTATtC FStASPI OF €> 11 . T'PON WWTEIl. 

I^t lift consider e:ap^ially this InM phase, that of a very" thin^ con¬ 
tinuous filni extende^l over the surface of the water and studded or 
not will I globukst nr disks. We will begin by e#<tflbliphing an im¬ 
portant fact: the thickne;^ of this contiDiinus film depends U{H>n the 
exbterice and dimensions of the globules. Be<auE»e we find that when 
a film with minute glubnles exists lieside one with great one^ the first 
always contracts at the of the second. therefore^ the 

tension is stronger in the former, we must ctmcliHle that the film with 
minute globules Is the tbinner. 

With regard to the thickness uf thin tilms^ we are then led to dis- 
tingtiLsh four caaes; the maximum and minimum thickness of filtra^ 
without globules: the muximiim and minimiuiL thickness of films 
With globules- Practically these reduce to three Coses, ^jitica the 
maximum thicknf]«s of w film without globules is ncfceEsonly the same 
ns che minimnin thickness of one with glolmlctft. 

( r l 311NlSlTrM rilTCKNKjW OF YUM WUTtO^rT 

We have already measured thla thickness sint^ it occurs in a film 
fit its maxsiuiiEii extension anil it is almtit 1.10 ^(i. 

{2] XiAXlMtTM TltUaNliSS OF A FILM WITIIOTJT OH TUF MlNlHCil 
TnXi KXFSS OF ONE W lTtl 

{a} Principle used in measuring filuoE of » thickness greater than 
that at the tnminiuni: ’\YliiIe the minimum thickness of oil films is 
easy to obtain and even to measurey because of the sudden and con¬ 
siderable change in the surf see tension for small vnriDtions in tliick- 
nvrfs. this is not the case for thicker films; for when we po^ the 
crltiL-al thkknes^s. the surface tension scan^ly alters even for very 
great TsriatioiL^* in the thickness of the film. It la therefore much 
easier to measure a film at ita miniiruim thickness tlian at a grciitcr 
Ihickness. 

However* aince It is alwaya possible, by enlarging the film, tu 
pas^ fn‘>m a thicker to a thinner film, thLs difficully ran l>e avoidinh 
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Wt CRD then in any euse choose tin nii film with nut glnbulce hnving 
the dcsiri^ thicknea^, ittnlate » portinn of the surfft«e, S, tin'll enbrge 
this to its greatest extension. S', it will then have iu mtnim nm 
ttuckneiis. The ratio .S'/S will be the ratio of the two thicknesses, 
.Sincse the miiuiiium thickness is known, we obtain the other thickness 
by miiltiplyitig by this nitioi 

(&) Experimenuil piwcdure: In order to determine the greatest 
thickness' of an oil iilm ivitUout globiileo, 1 proceed ns folio wb. By 
meunfi of a glitsi fiber, I plnce upon the water of niy tmy n drop of 
several tenths of a ciibio millimeter. It expands into a film which 
contrai'lN very quickly into a multitude of little droplets scattered 
over a black film. 1 now place a sheet of paper over the greater 
part of the surface and move it very slowly toward me, Imiiiediately 
wif see tile globules over the rest of the surface grow into brilliant: 
(iiska which finally break up into smaller drops. Bepeating thiB par¬ 
tial wiping away several times, the globules one by one ilisappear. 
each momentarily becoming a disk, multiMlored or of brilliant whited 
Finally the whole surface of the water appear?black. But there are 
still very small droplet* which may be made evident by slight en¬ 
largements made by j'erking the dish. Each one gives a tlasli of light 
nnd then disappears. The final phase of the phetmnieiitiii rwiuires 
acute observation, especially for some oils which prOfliice particularly 
line globules. In such cases I scatter a light veil of tale powder on 
the film, then extend the film slightly and at once we see the talc 
thrown out in Uttic circles about each minute globiili\ 

(c) Results: The following table showe results obtained by the 
pnx^ just described, [t gives the ratio between the greatest and 
lqa.st tluckneas we can have with films without globules. 

TrlcIeJae ------ 1. SS i, ijr ^ 

uH --- --- I j 

tlawca OIL. --.. I I “, 

^ot ‘QQ_ __ ._ r-1- _ __ j 

Cixl-UvtT ___ __ _ _ 

Sli^ep^fchot oil ___ 10 

f^or ntl __ _ 


Tho ratio nf the maximum to the minimum thickness for an oil 
without globules varies a tittle from oil to oil, but it is always 
less than two. It b usHolly very close to unity, so that a film es- 
ttinded over water can Lave a maximum thicknis but little superior 
to Its muiinmin thickness. We may otherwise state t.hjfl, A fjjjQ 
ticker than one molecule can not exist without nairly all the excess 
of ml forming into globules, 

((/) The formation of foam b a very shrunken oil film: The la.st 
^penmenL explains a very curious and interesting facL If we re- 
duw an oil film from its mQ.ximniii extension so ss to diminiah ite 
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Plate 4, 


VtHv Aovakced Stage in THt BneAKiftKiup ahd CoHrmAfUjim OF am oil Film 
ey T>H£ FuaNd OF the Black Film amd Propi_ets into Orqfs of Vaaioos 
Sizes, 


Jilt* flint If ftUKLt 














fifluttwflUn lAM,—D«i^i. 


Plate 5. 



fiml Nearly Cl Staale State Reached afteh 10 to f 5 sewmds. 

1^ Um hlndvrK) hi in liiri^iw vlZ^» liWr fl niplttjtr^hja ftwtoi: 

rentifl w^ihi^i J. l4itlliyf ta n dUk^lon of i^r oU tt 
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lo^ its bdgbL aspect, beconiiDp leaden tmci os if covered wit!i an- 
exceedingly fine fuiim. 5Iicroscopk examination assures us tfjiit Llic 
oil has chiiDgecJ in to u multitude of droplets of various sizes* 10 ^ 
5 1 [L. and less. Wurking iti tlie sunlighir I have seen the foam ap¬ 

pear before the film been reduced to one-half Ua maximum 
cxteiu;ion. 

Tliis is a new and direct proof of what we have }usi learned^ that 
as soon ns an oil film is so much reduced in surface that it is mui^e 
than one molecule thick, ncarlr all die excess of oil foruis into 
globules. 

(^) YaiTatioji of niolecidjir distances: This ex trgiordi nary fact gi^es 
a new and interesting insight into the field of molecular action. It 
shows purtic 111 arty that the forces which stretch out these films of 
liquids aj,c due wholly to a single layer of molecules anti that 

the surface layer, it Is evident furtlier that a filnii if it is uniformj 
muHt. lie greater tJian i>ih‘ and less than two moteeuli^ in tliicknc«^s. 
Now, everything indicates that a film h really nnifomi irud homo¬ 
geneous, since the least variation in its thickncfa gives riffe to con- 
^derabk- dilferenec^ of tensions which tend to reestablish everywhere 
a (>erfect homogoneity, and especially the equality of molecular flis- 
tance^. The difference between the states of least and greatest exten¬ 
sion can he dependent then only on the distances between the mole¬ 
cules: if they are compact in the first cose^ they can not lie so in the 
second. At any ratc^ that is the interpretation given by if. Brillouin 
in a discussion which followed communication** The disiance 
apart of the mot^nles in such films will be inserscl}- as the square 
root of the surfac:^* Accordingly, the ^uare roote of the prewding 
rafioa give the relative molecular Uisianoes. Tliia ratio ranges 
betw^een LI and IS* 

It follows that 0 .^ soon ag the molecules of a mono^mulecnlar oil 
film are separated by from 1.1 to 1.3 their normal diatants®, they loee 
all power of lowering the surface ten-don of water. Converselvj as 
soon os the moleculi^ are brought together, so that they arc rated 
by 1.1 to 1.2 of their norma! dl^ftances, they cauj^ an abrupt and con- 
dderable fall In the surface lenj^ion of the water, making it practi¬ 
cally tilt? same m if it wero a large body of oiL For beyond this 
limit the oil gathers into globules. 

(/) Correction to the value of tiic norma! moleouhir distance; The 
m ensure of tjie moleciiliir distance 1.10 given above, corresponds to 
films at their greatest extension. The true distance in normal oil will 
be somewhat smaller, say 1.10/1.1 to ld0/!5 or 1.10 to 0.02 ^ TTiia 
corrected diKtance differs decidedly from the theoretical value* 1.13 tqv, 
deduced from the meosureii of Perrin. Some day we will exam in 
the cause nf thk difference. 


ot ttn" Mur lais. 
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<,t) ^XUIDM TillCRNEs^ Wmi 

[a) Method of measuroiueiit; Thb meofforement h espi^-oblly tUSi- 
cult. After variosis attiempt^, I cume to ihe ruJichmlou thnt hem the 
only certuin mcth^Kl was to proceed by the e^^ctensioji of the him as in 
the previous In orcler to detenuine the maxiiTium thickoesss ^ 

l^lEkte portions of great bbck spots (4.5 am. in dianieter) which have 
itppcaretl very slowly from a thick sheet of oil (pi, Then, first 
lightly powdering tlie surface^ I enlarge it to its mtiximiim extenaion. 
This openition is often hindiTcd by the existence i>f very miniue 
globule^i. In an instRucc where tlie globules were absent I noted tliat 
the nmxtmam extonsion was obtaiued by abotit doubling the surf am. 
It certainly was not tripled. \V^ may say, ihcti, thiit a film of oil 
ut itE^ greatest tbicknesth when the excess of oil has formed into disks 
in contact with it, is only about twice its least thicknesa. 

In other worda, no continuous film will be stable on water when 
its thickness is greater than two molecules^ whatever be the thickness 
of tlie iiia!^ 2 ^ of oil ][i contact with it- It will l>c necessary to await 
ntnv meaiiures before iive truly know w^hethcr these films have a real 
ihlcknc^ analogous to the luuximum thkktic^ witliout globulei^ 
That is, whether they are not fomieil of a layer of single molecules 
packed as closely ttigelher as possible^ 

itt) Disscontinuity maximum: IVe are now iti the presence of tlie 
[tiuximuni of the discontinuity of oil films upon water, We may 
cu.'iily liHVc upon the water disks a raillimcter or more in tliirkncsa. 
I have noted, for uislancOi that n cubic centimefer of olive oil placed 
upon water already heavily oiled forms a disk 30 aim. m diameter 
and hnviug au area about 7 square cm* Its nienn thickness is there¬ 
fore greater than 1 mm. and it is certainly 2 mra. thick at its centre] 
part. Despite this thickness, the dinsk is amroonded by w^atcr on all 
aides, kept in ^ible equilibrium by an absolutely invisible film of 
oil ha ving a tliickne^ oDe-millioatb of tiiat of the dkk, 

A simple eoiuparison will show how peculiar is thia ilhicotitinuous 
cquilibriuu] of oil on water: I^et us imagine our film enlarged one- 
half a milliun times; then our oil film at its maximum thickness 
would be 1 mm. thick, jind it carries instable equilibrium musses of 
oil who5^ thiekne^ can readi and even Hurpass 1 kilcuiictGr 

(1,000,000 mnii) ■ 

(c) Comparison with the black film of soap hubbies: I linvo 
already, in calling attention to ilie evolution of a Uiick film of oil 
newly formed upon water, spoken of the constant uppearanf'e nf 
black circlets which grow larger and larger and merge finitlly into a 
v^ntinuons surface dotled with globules. U is odd that physicists 
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htt^e not be&n alruck lonif fiincc with thi? resembiftiice bctwe-vii th^se 
‘"holes'^ in the oil films and the black spots of soap bubbles. The 
mode of sTidden appeamtice, tiie oirculur forns^ «ize^ and progressive 
enlargement are very similarT and each Iiole is really oeoupied by an 
oil film whose thicknesa is cwiiparable with that of the black iipot of 
tbe soap biibblcH 

The holes in the oil film are, it is tnie^ always moi^ nuniei-ous. and 
further, they finally become surrounded with droplets anil then flow 
together (pis. 3 and 4). In reality, soap bubbles often lihow Heveral 
simultaneous black ^pots^ especially Just before rupture. Further, 
and which mot q^ecial interesi, Herbert StaO-^field* * has called atten¬ 
tion to black spots in soap bubbles aecompoided by collars of disks 
and granules which correspond to what oc*curs with oil only, 

since the soap bubbles are never hoFiKontal^ gravlt]i' nei^e^ssarily pulls 
the thick portiom away from where they appear. The ccmfluence of 
the spoti is not then peculiar to oil fi 1 n:i^. 

The phenomena in the two ens^e* are the sjune^ the ill ffe ranees ii ris¬ 
ing from the chanp^j conditions under which the Ghna are formed. 
HI) independent ancl twcs-faccil skm in the case of a soap bubble, a 
iikin lid he rant to and supjjorled by water in tbe case of the oil film, 
Acconlingly, the t^ludy of the evoluLicm of oil films throws light upon 
the final htugc^f through which a scrap bubble goes when it dtws not 
break. It becomes raducod to n blnck^ veiy' thin film, clottwl with 
thick portiouHj, cither circular tlisks or droplets. 

Further* ^rimilar, very large, black spot^ have l>ceii i^btained in the 
filmji of soap bubbles by Iteynold and Mucker^ in thoir beaiitifu! 
researches made between 1677 and 16S)®. Upon these iiluis they 
iletemiifie tfie thickneas of the black spots whicb were nil found 
sensibly cf[na] and (xiual to about 1"2 Johaiinot “ later sliowed that 
films could exist having a iliiekness ozie-iialf os great, or fi ( 14 L 

We can now compare tlie tbickneshes of oil and E^oap bubble films. 
Jn both instances wc have black films forincd from much thicker 
uni^. 

Black films of oil with u rnaximutn thickness of £ to 3 y^t. 

Black films of soap bubbles, maximum tUickne&s of f! to 12 

Ttiesc thicknesses are of the saJnc order, Oit films arc certainty 
always at least one-balf as thin as the tbinne>^ soap-bubble films. 
This important difference must be due to the fact that in the case 
uf oil films on water there is only one free surface. 

^ «f tbfl Sadstjfc UMJO, P- 

*A. W. A, W nDclHi^l^, t*T*c OflJ of Loniton, l^fTT; riill. Traiut 

PI. a, iSSi, iSAa: t%H. Mtg., rv\. 10, 1^11^11, Tnii^. R 07 . fst^c. of II. iSva: 

wind. AdiLh tpL 4i, liiiHl: FbU. 'Tnisi, BOf. HOC, of liinitog^ vq). 

■Joli«{LDOt, i-blL Ua«,^ voL 47, ISOO. 
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IIEPOrtT SBlTTHSO^nAir INfiTSTimO^*^, Iflia, 
TABLB iir HfiStsjjrii. 


The following i^hh gives a ^umiDary of the proviouft i^ults limJ 
allows Tss to make useful compAriffona. 

IfnEOJlETieAi. KEPAIil^lSNT^TIO^ Df SLACnt PILItR OF HOl^ETULHa. 

afVK^I hi 4 kul IhlekHM fij !kCHUp dR Slsis ifTqmiNiKl apoa wmlpf* Th* ihtrttiiMn ar* nnaDU nltaa 
a? an* mMjlrrti fl iaiik nuprmmti [ ^i.) 

l«iaw TlHiKFlkahititeriiU onlienlM ^Tw- 

Iih},! eakulated Irm dHEiL 


l.l&jv MlaJmiim OiltkiiHi tfl a iiatil* ^ iqiiti ft^oxul 

ptiiiMUllj. 


l.iEta Uutaniia tlildkitiit of * fiaU* film wlU^u aigb- , 
l.^jp aim, nr Lb* miElmam Od?kiiHi of a Olm wOa ^ 

iJatnfLu, fdirad iigJUir^ fTi Mtatt y , DlUlAi. 

rUh fn*,i i^cdfli qr with mnm m *11 isi i itmt. 
or ETMlHtf 111 . ^hkkfui. 




111 miiilfluiiia tWckwij (rf bf h»p4»abl4iii. 


fEM fiLlnlmniH. ibl^koM ai Rim al iHa|i^bl4^ 
tv tnulraj&n tlikkiiHi af Eb« 'bimtk j^L 


Mbek Njpvt of fiimph 
tMibb^ QJmjL 


V. OIL. >^LMS OS MEBCUR1-. 


Oil plnoed m mertiuy siowa very Hmiliir reaultis to those obtained 
opon water.* There is fftill a very sharp limit to the citejision, qnd 
the thickness of tba films at the limitH is sensibly the Game. When 
the oil is Hbimdant enough, it foims a thick coTor^ film n-hich growe 
rapidly with the production of black spots surrounded with global eg 
(pL T) and finally become a very thin film dotted wJtJi droplet®, 
OtlM-rHquidB (sulphuric acid, soap water, distilled water) give upon 
rocTTiiry analogous grewtlss. We have thetefonj here a vorr ceneml 
class of phcnoaicnn.* 

VI. COSCLCSIONS. 


We sw now that a concept w hich nt first seemed chimericai—that 
ifl, the raluction of mbatonoes to perfectly homogeneous films ontv one 
molecule m thic kness—has become an esperimental reality. And in- 

\ ^ mlwr, iUit. —- 

Kevifiiliffl, l&iSL 

« nri^rs: .rr.::;' “• '“.r'TrT:::- 

|.» I ,p („s««4 om Mta 1 ,u, littipbnnt .rtdr 















SruMhldtii^n HiipfHl. tfri PLATE 6- 



Qfttf^T Network ftF OUve Oil as Oenshally Formed After ^ LoiRO: Time by a verv T}^leK Film, 

Tlw? III Ihe nha cHJlUlHMml Cil gtiMl tilniJk lUfeC^l Eltcikh. Ilirfv Mild tlktrlV iin dfO^dLiji. 




TSII.—D«¥llEi, 


PtJ^TE 7 . 




Film of Ouiic Acio upon MefiCunv. Golda, Vic5<_et-Ro-5e l\40 apfK 

f«rclml ft .1^ nf ftrrJd whu h (.«> cnlln-ly 

Irti iSl 1'"!* «wnili‘'i tttiMfnwiy ylih ri«ftrl»-<)i-4ln«<| (I,let l»t. 

■■ rBir^ni^n rO,i TIMI t lntoe>uiHliM.i»f unnil •InqH ^ueb *. 

mIp Him^ ^ ^ wtlrh npinn^r Ht viutoua fenamunm in tlit± ^x|MJu|qn 
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these phenomena work spotiomeously and are visible to you 
all whenever ft drop of grease falls upoi^ the water \n one of the 
ordinary plates from which yon eat, so that nothing- is more conimnn 
and banal than these extremely thin films. 

The formadozi and stability of these films ai*e automatic. The 
stability is so great I bat it is posaible^ without breakiiig the film, 
to dktend it—that is^ to separate progressively the molecules—until 
their reciprocal action is entirely destroyedj an operation which we 
could not perform upon liquids in bulb without leading immeiliately 
to rupture. 

With our films, however, this is a mo&t aim pie opemtion and always 
successful; it k only necessary to Liici^se the free surface occupied 
by the film upon the water or the mercury. Thus vre hare become 
acquainted with the fimdamenta] fact that the exteusion of the oil 
film is limited. As soon as the molecules are separated by a ilktanee 
greater by one to several tenths of their normal distance thev lose 
oil reciprocal action, for they no longer diminish the surface teusioti * 
of tlie water. We have called this phoBc the maximum extenaiou. 
Conversely it sufiicca to bring tJiem together, by contracting the sur¬ 
face sillily, in order to see the effecL of the oil upon the surface 
tension of the water reappear and iucreoae rapidly, so that the ten¬ 
sion passes rapidly from that of pure water to nearly that of oil 

These facts allow us to enter directly the experimental study of 
the field of molecular action.^ They allow us to catch a glimpse of 
other mysteries to be discovered, other marvels to coutemptatc, and 
to delve mto that domain of lavkililo elements nf which visible mat* 
ter k composed- 

The little drop of oil haa much more to show ub. Who knows, 
indeed, but that it will bring us before long phenoniena of the great¬ 
est importance, yet which at present we can not foresee t 

I A nirkHli «acfiTplL«n Li f&oDd |a «fl4 td Mp, lb# biqImuIh qC whlcli wb«a 

■tfittcScd OTur wml?r emu Iw B€p*rmte4 mp« t^n Ul&f* Um mDlmtlaf DimiEX. 

L lOCH. 

arlllo^a iQ FtaLfid la ibv. Kpt^reclKtijfxa vtalch fJiU p^^fMor of thA Coli^ dc 
Fraitc« uptm tiMactibca it & oiMtlnx 0I ibm SodAu 43* FlkTiaiiM oa tba 3 ^ of 

44009'—flit li 
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WATEB AND VOIXIANIC ACTIVITY.* * 


By li. Pay and B, Suxtblea.' 


IWIlli U 

OBKEN’ii VfKiy THAT TUB Kll..Vtr»LV EST,^XATW*; 18 AMIrpsOUS. 

Ill a book,* now (ittle known and rure, Williaiu Lowthian Green, 
H diatingukbed Etiglishnian, long in the aervire of the native govern 
ment of the Hawaiian TsUnds, writes ns follows: 

Whut we mainly wUb to oontmij far tind to ImpM-w uikiii geoluglaUi—lOr 
RconsldeniiloD, ot leii»t~'la, that U may be u mbtlake to itaeen; as ta no often 
dooe lo the mMt jioattiTe Eumnef, that water ftiid atoam uie inseparably i i m- 
necled with voknnlu nctJoq. On Lbe coutmry It n'ould appuir ihqt 
TitiiorB Lave iioUiths to i3o wlilt the ll<iuJilUy of tbe nawtilian Uaak- lavaa, and 
Ibat na a iiwtEer of foct tJwy do not eeew to come up with tticiu from below, 
whilst tlie basic mtaemls ihetiwiires gtie Oo liidlradoit* In the mnin crniidons, 
of Ijavtu^ hemi In coutaet with wtner, liluMy :.nsee|ttllile an they are, to imdi 

Mr, Green wns not only a keen observer of the itmnner of operation 
pf the i^ysieat forces which piirticipate in the volcanic activity to 
bo seen in the liawaiiun Islands, hut his opportunities for al tidying 
such phenomena were quite exceptional. His conclusion, aupjiorted 
as it was by mony facts of observation, has therefore demanded, and 
indeed has received, consideration at the hands of geologists gen* 
erally, although until very lately no ona has been willing to oonsidor 
it as having any application to voleanoes outside Hawaii. 

fcBUN MAtXT.VTXS THE SAVE VIEW, 

More recently .Ubert Brun, a chemist of Geneva, Switzerland, has 
offered data* (apparently without knowing the work of Gieen) 
ga^ered from a great number of active volcanoea with intent to 
prove by analyaia of the gases which he collected that water plays 

*■ OcpiiiDUd hj penxLlu44B EolletLA \hm CrvOUiileaJ SoUvJt^ «r Ammila, vol ^4 
pp^ 6TaHWi^ ^ II-J7. Dec. ifjl, Itua. 

*RmA th« D«; ai, 1®13^ 

* VHti|p» ^ tilft M 4 Um] pL a; 16 ST, pL 

MIT Vn^oiMlq^qc. Ovwn. 
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no part in Tolcnnic ootivity* His words are as follows (p, 218, fol¬ 
lowing a detailed ^ntement of reasons which will be cottsidered 
below): 

II done jMir/affrfiicnr certain ^kp fr j9drojr>r«jiioI fm* d'eau. 

Ln jjrrifrp pil fnitf. Lir t?niDd iKiHflrftp &fdtir f^ompoee do pnPt(ciil«! ^oritfrx 
vt ^Tthptlr^A, 

favi d^tiunf r^ar. ia lA^nTri tiquetiftt iJp Id Adfvidr. 

{The itaiicfi nre Brunts.) 

Except for thei^ two coiiBpiciJO'U& instimcts, students of ^Tilcanisui 
have generally concluded^ that water is usually if not always the 
chief agent in volcanic activity^ 

It is nm otir purpose to discuss this ninestiou at thL^ time except iu 
so far as it may find application in the voleano Kilauoa on the Island 
of Hawau., but this volcano providecl all of the Luitterial for Greens 
discusdon and a very essential portion thai offercti by Brno. It 
will therefore be of intefest to record some observations made in the 
cour^ of an extended study of this volcano by the writers during 
tile summers of I9il and l*he purpci^ie of thesse studies is to 

obtain definite information about the character of the chemica! re¬ 
actions which take place in an active voScnuiOj sud in particidar to 
rletermine the role played by the gaseous components;, which are v'ery 
important factors in both its chemical and physical activitieH+ Iu 
majiy studies of volcanoes the gases have been allowed to est^pe 
entirely^ while in others they were not captured untU the nature of 
the components was so much altered by oxidation or olharwiBc thni 
their ideciti Beat ion, to ssay nothing of the determination of their 
relative proportioijs and ihe chametcr of the fK]U]librium esuding 
lietwwn thciu^ Itiui remnined imcertaiii. On these broader quMioiis. 
which are lalmratory prohknis, mo^ of the work still remains to be 
done. It hj however, quite pi^sible to offer evidence on the purtici- 
2;talion of water and of some of the other vokiile ingredients in the 
fictivity of Kilaiiea in advance of tbt=i study, which may require some 
years before all the questions which have been raided ara satisfac¬ 
torily eluddated. 


oiscc^eiON or the obsebvatiok^ of ureen ano auerx* 


Fir&t let ns review somewhat briefly the observations which led 
Green and Bran to the same novel conclusion^ that wafer has no part 
in the votcank activity of Kilaueu, In the cq^ of Green such a 
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review is not Hltogoihor ettiy. Hia redscming is ba$ed oii deductions 
from many phenomemi:, ^ appeal to mi obi^rver on tbe groond; 
great lava streams without a tt^re of vapor rising from them; a 
condition of great activity in the lava pit of Haleniaumau (the only 
portion of the ICUaueo Voieano now continutiu^ly active), witli 
liardly a trace of any cloud above it; a rather conspicuous ttifference 
in character between the Haleinauinau cloud (when there b one) 
and tiie cioiids which arise from iniiiiennts steam cracks in the coun¬ 
try i-oiiiid at>nMt« etc. Perhaps the chief factor which cimehed his 
i^oEicluaion was the fact (which we also observed) that there are 
times wlien a magnihc'ent cloud rises from die active basin, separated 
by blit a da\' or I wo from perigda wlicn practically no cloud can be 
seem and this with no Lipijarent clmnge cither in the character or 
amount of activity viable in tlic basin. He therefore concluded 
that if steam wati the moving forcej and if the great white clood was 
the manifestation of that fact* its presence miisr be expected on one 
day as much as on another in which the fiame gsia and lava condi¬ 
tions appeaml to prevail* 

Ho was aUo able to discover no diminution in the luiniditv of the 
Lava^ either in the crater or in the great lava streams during tho^ 
jjerioth when no cloud was seen, and therefore no casual connectlou 
between the prince of tlic giLses and fluidity of the lava. 

Had it occurred to Grc'cii to try to remelt some of the solidified 
lava after the gai^ea had esc tilled, this Ifist piizzliiig qiief^ion would 
have been clearer to him^ for the crudest etfon would at once h^ve 
revealed the factj which since then has often been noted, that these 
lava^^ when reheated to the tempera tore prevailinjr in the lava lake 
liefora solidification, remain quite rigid—tlie characteristic fluidity 
has departed with the e^^aping gases- 

Bniii s stateniont of lih^ observation-^ at Kilauea is more explicit. 
In parlicular he ofTenq six definite re^isoiis for believing that steam is 
not present either in I he lava ha?uii ur iti tJie cloud above it. They 
nre Lhe^e: 

(1) Tlic clonci arii?iiig from tlie crater docii not evaporate in the 
sun nis do the rloiidH arising frum neighU»ring cracks fiftor a rain, 
hut can be seen floating majestically away often for iJO miles or more. 

(2) Xo rflJnhow or other optical phenomena can he detected in the 
cloud arising from the crater, althoirgh rainbows aro abundant 
rnongh in the virinity under appropriate conditions* 

(a) If the cloud were of steiiin enierging from wlnto-hot lava, 
tliere sihould be an interval of a fevv feet lictween the point of emer- 
gemie anti (he beginning of condeniaition [like the dark space imme- 
dialely in frimt of tlie spout of a steaming teakettle) in wbicti tlie 
Mtcam should be invisible. Xo such dark space could be seen. 
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(i) A_s thfe cloud rises pssi the rim tlie erater on thy It^ward 
side, the walk ^bout the crater^ being coinpanitively cold, skould be 
wet with the eondeni^ec] ^apor, whereas 'm these waLIs remAin 
quite dry, 

(5) A tram of glass tubes lowered over the rim of the erater 
for few TJircls on the side whei-e the clovid was emerging, and 
through these tubes (sonic feet dLstain fium the [icarest liquid 
lavAj it may be remarked) air and tlie vapors tarried by it were 
pumped for several ntiniites,. but no of condensed moisture 

appeared on tlie inside walls of the tubes. Examination with u 
I land kns revealed I he fact that the Lube walls were quite thickly 
covered with crystalliitcd salts, some of whii“b were stated to be 
hydrates or to be hygroscopic, but this w^as deemed to be due to 
original moisture i !) carried on the tul>e wall before the beginning 
of the experimenu So analyses of Ihe or of the solid salts are 
given. 

((5) A devv-poini Uygrc^nieler carried along the rbn through the 
smoke doud showcrl a lower hnttiidity within the dotid than in the 
dear air just outside? of it* 

Before proceeding to recount our own experience with these phe- 
Domena^ it may be as well to express our belief tlmt nearly all of 
these observalioriBt botli of Grwi aiul Bruu, may be perfectly true *fi 
recounted above, and still offer no proof that the volcano exhalcf^ no 
water vapor. 

Tltn EXMAN ATION OIT TiiX VOIXANO CtOl’n. 

Greenes obsen'Eition that the groat white cloud appears but Inter- 
mi ttenth’ may be explained by a somewhat closer observation of the 
eonditioDs of formation of tbe cloud withtnit assumptions of any 
kind about ila possible water content. For example, we notedj dur¬ 
ing several iiionthB of constiuit observatioin that the visible doud 
does not rise dircelly fmm the s*iirfaoe of the liquid lava, but rather 
from cracks in tbe inclof^ing hanks,^ shattered, ns they always art» 
by nlternatioiLS of heat and cold as the liquid lava rbca and fulls in 

^ Cf. platPt tr 7^ 81 idU 1 1. 
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the basm. Whe.i the lava b high enough to completely flood the 
Hour of the bosin^ thi!!^ cracks are closed imd nil the gases emitted 
emerge directly from the siirfaec of the lava into the atmosphere 
und have the tempeniturt? appropriate to the surface of the liquid 
(1,000" to 1,200’ centigrade). Ai this temperature the gases (snl- 
phiLT and hydrogen, Uw example) bum promptly on contact witli the 
oxygen of the air and remain nearly or quite invisible. A thin blue 
ha:Ee can sometimes be distinguished above a bursting bubble ^ when 
conditions are exceptionally favorable, but this huKe is so thin that 
npectators watching for it from the rim will generally disagree about 
its existence. 

This is the condition of no cloud (pL 1) de^ribed by Green, and 
does not in the least suggest cither a change in the composition or a 
dimmulLon in the total quantity of the gases given off by the volcano. 

When the lava level in the lake hms failch 10 or 29 feet (which is 
an almosl daily occurrence and often takes place witliin an hour), 
only part of the gaees set free conie from the free surface of the lava, 
and considerable quantities now appear through the shatteiied floor 
surrminding the basin. Tlie gnses bnbhling out from the Inva Ijasin 
remain as transparent ns 1>efon? and for the same reasons, but the 
gases appearing from the cracks in tlie floor and from the aurround- 
ing talus arc now cooled in passjing through the cracks to such an 
extent that they no longer bum on i-eaching the oxygen of the air. 
Free sulphur is then set free in considerable quantities^ unbumed; 
this wc were able to collect without trouble, both at the point of 
emergence and on the crater riim It is this finely di%'itlcd free sul¬ 
phur which is mainly responsible for the beautifid white cloud 
(pL 2) above the emter and not crystalline cidoHdeo, as suppo^d 
by Eruiu In fact only a minute quantity of chlorine or its salts (leiris 
than 0.02 |>er cent) cotild be found in the emanattons from the 
Kilaiiea basin during the period of our visit. 

Otir observation of the api>earanee and behavior of this cloud is 
therefore in full accord wuth the obgciwatiuns of both Green and 
Bnm, so for as recorded^ but there is nothing in the facta thus estab- 
Ibhed to show' whether the sulphur is accompanied by water vapor 
or not. 

Hereiii is also to be found a auflicieiiL explunatiun of Bruit's ob¬ 
servations—(1). (2), and (3), page 2T7^ that the cloud when present 
tlocK not evaporate after leaving the crater, that it gives no optical 
phennmemi in sunlight, md that it is immedialely visible as it 
emerges from the floor cracks and taltt'^ without a tramparent xone 
separating the point of emergence from tJie visible cloud — results 
whicli would be expecteil If the cloud consisted only of steam, Imt not 
if it contains much sulphur. 

A. PriTtii: THu ESpnalal'Orj- njirtm In Ihe BaltMUAUinnu fjir# dLarlna; 
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The mnaiudcr of JQrun's observatLojos of the apparent ahsonoe of 
water vapor may find appropriate eaplanation in tlic fart that they 
were made in an unsaturated atnaosphere (as sdiown by his elaborate 
recoi'ds (»f the hygioseopJc state of the air duritig hU obaen’atioina) 
at a distance of mure than 250 feet from the point of emergence of 
the gases, and the further fact that tiie doud not only carries sulphur, 
but two of its oxidatioti product*, SO, and SO,, both of wLtdt in 
these dreumstauces are effective drying agents. It may very well 
happen that water b given off in considerable amount by the volcano 
and yet remain* iuvbibte; for, in addition to the portion disappear^ 
ing as vapor in tlie unsaturated atmosphere.^ a considerable addi¬ 
tional ((uantity will condense uheut the finely divided sulphur par- 
tides, serving os nuclei of condensation. 

Furthermore, in onr opinion, Brun's explanation of what he deemed 
to be crystals of hydrated salt* in hi* vacuum tubes and in the pipe 
line through which hts gases were, pumped is a somewhat fortuitous 
one, and certainly leaves an element of reasonable doubt whether 
their pt'escnce was entirely duo to moisture carried by the tubes tbetn- 
selves. The* very care exercised by Brun would seem to make this 
unlikely except for tlie fan (hat it was offered by Brun bhnself. If 
it could be sliown that these hydrous salts were regular inhabitant* 
of the sulphur cloud, the t'omparativo dryne^ of die cloud would 
also find ready explanation, 

Biim's final contention (sec. G, p. 2T8) that u detv-point hygrometer 
curried along the rim of the crater shows a lower humidity within the 
cloud than in tin* clear air immediately outside of it appears to be 
open to serious criticism from the physical siile, although if one mav 
judge by the s^ce given to these oleervations in ~ L'Exhalaison Vol- 
canique,** this is the point which Brun himself regarded as the most 
convincing abscrv'ation of all. It appear* to be a m&Uer of grave 
doubt whether Uie readings of a dew-point hygrometer in an atmos¬ 
phere containing BO, and SO, have ati}' significance whatsoever, in 
view of the well-known aJBnity of these compounds for water. The 
cloud could hardly be chared with better drying agent* than these 
under the conditions described; it might, therefore, a priori, bo 
existed to contain less free moisture than the adjacent atmosphere 
which docs not contain these drying agents. Furthenuore, the effect 
on the dew-point apparatus Itself of exposure to the cloud contain- 
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ing SOj aad $0, may be n factor of consideTHble significance. The 
first reading of the irntrument might well be approximately eorroef. 
blit suliseqiicnt readingis would surely all be subject to the effect of 
uncertnin amomits of SO^ and SO, carried by the instriiiueiit in con* 
sequence of the first ex[KJSurc. This would have the effect of temier- 
ing all the subsequent readings of ttic series quite valueless os a meos- 
lire of the water cotjteui either of the air or of tlic cloud. 

In order to supiwrt tlic view that the atmoephere within the cloud 
containing SOj and SO* is necesatrily drier than air which does not 
contain these substances, several measurements of dew points were 
made by us in an appropriate Jahorntorj' apparatus, of which tJie 
results will be found in the table below. The first column contains 
the dew point of air at varjing degrees of sati.irHtion; the sccotid 
column tbe dew point of the same air to which I per cent of SO, 
(sir + 1 per cent SO, is stitl respirable) has been added. All obser¬ 
vations are in duplicate. 
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Dew-point observalions in the nature of the cose niohe nn pre- 
tensions to high accuracy, hut tlie effect of charging the air with a 
very small quantity of SO* at sljown must copvincingiy. The effect 
of tlie addition of SO* would liavc been otill greater*than that of 
SO,, since it forms H,'SO*, a notable dehydrating agrnit; but this 
effect is somewhat mure difficult to e.xaiuiiJe expct^uentally and so 
was not niHlertuken; indeed, it was unnecessary, in vUtw of the fact 
that tbe point at issue h abundantly proved by the observiitions con¬ 
tained in the table above. Bruu lias tbereforc proved no more with 
his hygrometer measurements than that the gi«at wliite cloud does 
not consist entirely of water vapor, but it is not possible to estimate 
the percentage of water contained in it from any figures based on 
dew-point detenninutions under the conditions which be describes. 
From this evidence it appears clear that the observations of fact 
noted by both Green and Brun may f<ir the most part be precisely as 
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describetl^ and still ihe «>ncliLsioii fWl water iia inti bj the 

valcrano Kilaitea remain in doubt.^ 

ATTEilFT TO COIhUJCT THE VOLCANO CA^IF^ OEFnRE THtT &EAtIIEl> 

ITTE ATB. 

lie that as it may^ in our effort to obtain samples of the gaseous 
ciDQiiHtioits fit>iii Kilaiiea for iurthfr stndj in this laboratory, it 
a matter of Tory great importance to m to endeavor to f^tabtiab the 
facts in the case without the aid of inferences of the character above 
outlined. We therefore entered on a long study of the habit of the 
volcano with the piirpt^ of going down on the floor of the crater 
direcUy adjacent to the liquid lava^ there to collect gases before they 
had come m contact, with the air at alh In the interval between May 
1 j 1&12, and January 1 follow'ing hut two favorable opportunities for 
idtch an uudertaklng occurred, of both of which we endeavored to 
take advantage* On the first occasion (May 2S, 1912) a column of 
liquid InvR, Juid worked its way up through the shattered floor odja- 
eeni to the large active basin and formed an active lava fount a in 
tlicre several feet in dSaroeter^ Through its own spattering this 
fountain quickly binlt for Itself an indexing wall or dike. When thk 
dike had grown to a completely mclosing dome (pL 3)^ the gases db- 
charged by the fountain were free to escape only through narrow 
fiUts in the dotuei and there they could l>e seen ui night burning fit¬ 
fully, w ith a pale blue sheei of flame, i hereby dciuoustriit'Eng (1) an 
excess pressure within, und In conaequence {2} that the gas^ re- 
leajsed from the liquid Uva first caiue In contact with the air on 
emerging from these cracka in the dome. 

We accordingly made the somewhai difficult de^nt into the crater 
without mishap* and iwo cniteis each containing 10 gla^ tubes of 
onu-hnlf liter capacity each, arranged in a continuoue scries, were 
then lowered down to \is- To one end of this ^riea of tubes a glflsa 
pipe line virus attached* which led directly into one of the craefe of 
the dome (see pL 4} through which the gus was escaping* The 
last link of the pipe Hue consisted of an iron tube extending into the 
dome about 12 inches. This iron pipe was also Imcd with glosis tip 
to the very moiiiK of the cracky so that- except for the 12 inches of 
iroii pipe within the dome, the gases came in contact with no sub¬ 
stance othtr than cold glass and a few pure rubber connectorHr which 
were lundE^ as short as possible by abutting tlie ends t>f the adjacent 
tube sections. InjL^tuiich os the liquid lova contains nearly 10 per 

iTb« <amieal adiI phir^gcAl tnt> OlFffrtd Uf Bran in mpfiort of ajj CQaetuxtom 
ind piipr arsii, &I*Q ponKwSal InTOa^tciflliT, For damplff, hw UiIh fuf 
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cent of FeO, ilie mojnuiiiary coiiLiict of the gase-^i with tlie oxidiz^ 
surface of the iron was Dot aocouDted a. Ecrious ciiEturbing; fnotor, 

Tlie other ond of tlie tnbc system was coDuected to a piston pump 
nbout 4 inohog in diameter, with a dLsplacement of about 2} litcr,^ per 
stroke to insure a rapid passage of the giises through tlio tube sj’steiu. 

The gases etitereii the pipe line id a leiuperutiirc of about 1,000“. 
Their path was through the 12 inches of iron pipe, alwnt 20 feet of 
glass tubing (pure rubber Joints at 4-foot Uderifils), then through 
L'O collecting tubes and out through the puntp ut the bock. The 
pumping W!is kept tip for 15 minutes in order to make sure that tha 
air orlgluftlly gruiiained in the pipe line iiod connect lug lubes was dis¬ 
placed by tbe gases from ibe volcano, after which the pump and pipe 
lino were sealed oil with pinchcocks anil the crates rnwed to the rim. 
In this pipe line water Isgon roodensing with the 6rst stroke of the 
pump, and at the end nf 15 minutes abon( 300 cnbic centimeters had 
itccuinuhiLeil in the vollming tiibcsw It was clouded with fi-ee sul¬ 
phur, partly from the original emanation and partly from the action 
of the iron tube on the sulphur dioAida containeci in the einauatiom 

In ai-jangmg this e\-i>eriment Bruii's conclusions were known to us, 
and accordinglj' we Iiad provid«l ourselves with apparatus for col- 
lerting fiAcd gases onlj*, 'iVe were wholly unprepared for any which 
might condense in passing thraiigli the collet'ting tubes, \fhnl we 
obtaitMHi, therefore, was a (juantity of the fiied gases, which may be 
assumed to Iw approjtimafcly in tti« proper fiiiantitatii-e relation one 
to another, and w-ater, tlie latter in consltlenible cAees!i from the fact 
that it wiis not pum[}ed through the tiiikes with the fixed gases, but 
condensed and remained Iwhind, chiefly in the first three or four 
tubes. There is, therefore, no way to estimate from the results of 
this experiment the proportion of water to the total quantity of 
volatile matter dUcliorged from the lava. Perhaps this should he 
regarded ns a fortunate mischnnee jimwithstanding, for we were 
thereby enabled to gather a quantity of water sufficient to establish 
its eAistencG among the volatile ingredients exhaled by ilie volcano 
beyojid the crittctsin of the taost skeptical. Furthermore, the con¬ 
densing water by its accumulation in the firat tubes served ita a kiud 
of waslj bottle for the collection of any soluble material contained in 
the gaseous emanation. 

The next day we began preparations to meet the emergency thus 
thrust on tis by building in the laboratory of die ITtiwaiian Volcano 
Eesearch ^kssociaiion' an extempprizet] merctiry putnp of the dis- 

» ni^ FlftiTKllAQ Vulrtflo ondtr tb^ fulScr- 
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usADj ttHattpfilpff i-scrtidpd t* itn our frork at KIIjiufi. Mp, T, B. Mb 

AMliriai In ttjv liboratOpy, Bccciinpanl«i} us In tUe Util diPcvnt Into th* 

ifrmtpf, atLiX T»t, If. II. Wood, wtm U fti c-birvt of I bp work of tbi* ifjitlOIlH <H> 

tbt both nadL-plDj^ HatnlniLTo iiKEilKiaco In wnrlni; out tUfflcnlt And iobaw* 

wbflt hniudoni Uilc. 
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jilAC^inunt type and vacuum en>pecially ariiitigeil to jiievl the 
conditions tvhich we had found. These tubes were of tiic same ca¬ 
pacity as tile individunl tubes in the previnus experiment (one-half 
titer), but were provided with a long stem, on tJie remote end of ivhjcb 
was blown u thin glass bulb. The plsii was lo attach these tutws to a 
poJe of coDvenient leni^^h and lo thrust tiie etui carrying the tliiu 
bulb into the duiue, wljere the heat might lie expected to explode the 
thin gk^ iinniediaiely, permit ting the lube to fill with the gases,, and 
as (luickiy to sea] it again hy melting flown the hrfikeii end. The 
tubes were dried in contact with phosphorus anhydride and the de¬ 
gree of exhauHthm checked by electrical discharge tests from a small 
static Jnachiiie. When a number of these tubes had lieen prepared 
and everjlhiog was ready for a second iittempt, tiic top of the lava 
dome had fallen In and the 1ir|iiid kva in the basin had gjone 
flown to such an extent that it offered no further opportunity to 
collect gases under conditions which should assiiiw orip^inal gas with¬ 
out contaminat ion from the air or olberwige. In fact no other op 
portuuity ofFerrd until December K* 


I'fiK SETOKl) ATreill-r Tfi lOCUrCT OASES. 

On Dwcmlier 4. with tiie kva surface 3(50 feet below the rim, and 
tljerefore even less fronvenionlly accessible than on the previruis ocea 
sion, a similar dome formed directly on tlie border of the kva bike, 
aiul the secoml attempt was made to collect a quantity of gas-^tbk 
time in the vneumn tubes. In order tliat there might be niTpossible 
doubt about the e.xcess gas pressure within the lava dome, the 
descent into dm crater was mude at night, when the lailc blue Ikme 
of the escaping gases coidd be plainly seen emerging froni the crack 
in the dome. 'Fhe manner of rolleiliog the gases was exactly that 
which was pkiiiicd and describefl above, and six tubes were fillcfl 
with gas under these ixuiditioiis. 

On pending into the prater to collect gases from the December 
dome. It was found that in addition to a long slit or crack across the 
top, frmu which the gases were discharging constantly, there was a 
second opening near the hafic which was not noticed before the descent, 
lut w'hich^gave acress to air at the liMse of the Unme and thus behaved 
lilie an air blast in a furnace. The gases were therefore purtlv 
burned within the dome instead of outside, and the tuhc.s, ivhich were 
filled at the np|jer opening, were accordingly foimd to eontam ehieflv 
burned gasea^that is, the free hydrogen had become water, the frw 
sulphur had bumetl to SO., the CO appeared ns CO„ etc. 

^though the identity and something of the relation of the gases 
discharged from the La,in of Halemaunmii can be established from a 


^ aiiu»rt (Dir) wii. oeiijtfHi le ruum m Wuhinctan- 
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WATER ANn VOlA;A>rH:! ACTTVITV—DAY AND SHEPHERD, '285 

study of the material collected m May, ilie deturminRtioii of the lixact 
proportion of water to the other gains present must await another 
favorable opportunity. It may perhaps be added that a complete 
equipment for miother attempt lies ready at the laboratory of the 
Volcano Research Association on the crater rim, but the lava lake 
disappeared completely from view soon after Vlie December descent 
was made and has not again reapiJeared, 

Although the continuntitin of the field studies must await the 
gracious pleasure of the most fickle of goddesses, it need not delay the 
prosecution of the laboratory study of the relntions between the gases 
already found or the preliminary discussion of the results thus far 
attainwl. Moreover, in the diseiissioii which follows, evidence will be 
offered that the composition of the gases varies within considerable 
limits, so tliat the precise proportions of the gases which go to make 
up the exhalation at any particular moment may prove to be of less 
importance tlmii was at first believed, 

( fTCuirrAL srtTDi' of the u.vterUi. roTjjX’TRD. 

From a physicochetnirijl viewpoint, the .study of vokanie activity 
centers first on the nature of the participating Ingredients, then on 
the condition of equilibrium or the progress of the reactions taking 
place between them, as the case may he. At the time of our two 
visits all the three states of matter—-gaseous, liquid, and jiolid—were 
found represented. Gases were eniitted constantly in great volume, 
and displayed nearly till the great variety of cloud forms which have 
heen fio frwpiently describeil in volcano literature except the violently 
explosive type, wliich has been rarely or never seen at Kiiaiiea since 
the advent of the white man (1890). There was n liquid lava basin 
of oval shape some GOO by J!00 feet, inclosed by a lava dike or rampart 
built up from the ffUrrounding' tloor of the basin by the tumultuous 
spattering and splashing of the lava lake (pt £)■ Both floor and 
rampart are frequently overflowed when the lake is high, and again 
great maases of it fall into the lake and are redissiolved when it is 
low. The floor of the pit at the time of our first descent in May, 1013, 
had been completely overflowed but three days before and was rea¬ 
sonably level. The fresh lava had solidified to a depth of some 10 
inches and was abundantlj* solid to^ walk on. but was still uncomfort¬ 
ably hot and the cracks were still glowing. 

Sanounding this floor are the walls of the pit, some 900 feet high 
at the time of oiir first descent and made up of the exposed edges of 
sTtccessive earlier overflows (pi. fl). which individually rarely ex¬ 
ceeded 2 or 8 feet in thickness. The (Halcmaumau) pit as a whole 
was about 1,500 feet m diameter, roughly circular in plan, and with 
nearly perpendicnlur walls except for the talus pile at the base, which 
extendi about half way up the wall, Al! Aese dimerwiow vary 
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^mewhuL fmm day to dny ajid ccimidorably from year to year with 
the state of aetinty in tbe basin. The appearance of the lake and ife 
Borroujidings is perhjips best shown by A photograph (pi 7) made 
from a slight elevation above the floi>r of the active basin on Ifav 
23, 1P12. 

.ANALYSES or THE LAVA* 

The compmiLloti of the liquid lava in the lake and of the solid floor 
of the Kilauea crater near the Halematinuiu pit may be seen from 
analy^s Id and lb, ivhidi follow: 
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The 54imple It was dipped from the middle of the lavA lute on 
July SSj 1^11, by llr. Frank A. Ferret and one of the nuthorB (Shep¬ 
herd).^ with the help of » table and trolley, sti^tched directly aero^t 
the center of the pit, and appropriate tackle. The mmph la wah 
taken from one of the recent ovorflowe on the main floor of the 
Kilauea crater and may perhaps be 15 or £0 years old. The sob- 
standal identity of the analyses with each other iind with other 
recent analyses of the lavas of Hawaii* * .-shows duit m material 
change in its composition han taken place ia iwent yeas^. The rn<et 
noticeable feature of the new analyses is perhaps the presence of a 
amalJ amount of iiiolybdeimnu which appears not to have been de¬ 
tected hitherto. The aiiulyscs wen? most carefully made by 11 r. 
John B. Fergiifion, of this lnl>oraiory, to whom we toke thi^^ oppor¬ 
tunity to express our thanks. 

TIJX GAi*SM AND Dir FERES T WAT^i OF sntSDiriHNO TJCEM, 

The problem of oollecting volcanic gases whicli are satisfactory' 
from the diewiical viewpoint a nmeh more diflicalL matter^ as has 
Vieen already intimaterh Hot gases of more or less complicated com- 
[>o5]tion dUcharge^l from an active voleanie vent into the ujr undergo 
imniedmte and violent chemlc^i! and temperature dmnges, the conse- 
ctuences of which, with our present limited knowledge of gas retntinn^ 
at these teniperntiires^ can be only partly inferred. It ia therefore a 
matter of the first importance to collect the gases directly from the 
liciuid lava or the expl^isive vents before oontact- with the air has given 
opportunity for lliesp Alterations to occur. It may very well be that 
the physical ilifficMliieA tsttending the collection of vok-anic exhala¬ 
tions, particulnrly from volcanoes of the explosive type, will often 
make it impossible to obtain unaltered magmatic gases for laboratory 
study, in which caae burned gaaes, or even very dilute mixtures of 
these with air, may prove to be tlie only products available for study. 
In this event the student must perforce bow to the necessities of the 
case 

Something of the same cautious attitude requim lo be maintamed 
toward the study of the flame spectra of burning volcanic guess. The 
pocket epectroBcope is primarily an instnimeni of preliminary recon- 
naiisance in the field and is sometimes of value, but the pale-blue 
flamea of sulphur and hydrogen are cxti'emely difficult to analyze 
with the pocket spectroBcope^ and can not be distinguished at all 
against a bright background of soEd or liquid lava. For this reason 

^Tbl4 Axpcdiu^ WU Kflt «lt MoBaafSuiHtta iQctltzrte Ol (Ptvf. 
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a iiioi'i^ elaborate spoctroseopii: equipment woukl not help ib<! niattar. 
Moreover^ tba gases are much altei'ed or arc in process of acltre 
alteration before any opportunity for identification h offeredi and 
no estimate of the relative quantity of the varioua participating 
ga^ ifl possible by this Jneatie* Inferences from the cbeniical study 
of goMs which have lieen biimetl by contact wit It the air while still 
hot and inferences from the spectroecopk study of the gases while 
burning therefore suffer alike from limitations of principle and 
should be rcJioited to only when the difficulty of ctiUecting unaltered 
gas is msuperabie. 

These reasons iiuiy .Mjcve to show w'hy this sonicwdiat cliLhoriLte 
effort was made to coUcet tmaUereii gasses for laboratory study and 
why we are inclined to give great or weight to the resuU^a obtained 
from th^ ^Tidy of such giLses than to runny of the earlier stnrUefl^ of 
volcanic emanatiozis^ in which the gqs^s had become altered through 
contact with the air or otherwd.se. 

Tlie dome^i from which tliese gatjes were collected were built up by 
che lavn iudf on the flooi' of the crater (Halemaiimau) and wete 
both chemically and physically ideal g^ collectors, being lined with 
frefill splasher of liquid lava of the tenqwrature atid cheniicii 
composition as that from which the gas had just emerged. They 
formed at the level of the lava lake and, os could be phinly seen 
after the coUapsa of the domes, were directly connected with the 
lake by cb&tmel& of liquid lava just below the surface crusti The 
collapse of the entire chaiutel lending to the May dome h ^own m 
plate S, {igiirp 1, in which an arrow (t) has been placed to indicate 
the position where the dome stood. The May dome was under con- 
.slant olxervntion for several dfty$ and a lomiliierable fwrtion of the 
night imniOfUately previous to tiic collection, during which time 
there was no cessation of the lava fountain spouting Avithin the dome 
nor of the fkuies of the burning gases as they escained through its 
craefca. Furthermoi^, as the larger bubbles ro^ and buret from the 
liquid lava within the dome, the jar could he felt on the floor where 
the collectors stood and the splash could be plainly seen througb the 
cracks, 

A^irAnV^^nS OF THE OAfiCfi COl-nECTED IX MAT* 101'.;- 

The following analyses were made of the fixed gases collected in 
gle^s tubes on May £8, 1812, in the maimer above described. The 
statement; is given in parts by volume. The tubes were numbered 
from 1 to SO in the order in which the ga&e5 entered from the volcano. 
All the tubesa contauied condensed water (the first—pL fig, 2, 
containing nearly 100 cn. cm.), of which analysfis will bo found on 
page *292. 
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THE r>rn-uEj%(7E or rtrr lllo:^ fou-EtTi^'u turf. 


In tie 1^1 minutes during which pumping was continued the short 
length of iron pipe which extended into the dome was partly de¬ 
stroy i?d by tlie Joint actioa of the sulphur and SOj* Owing to the 
high temperature and the splashing of the molten lavat neither 
glass nor porcelain would hnve withstood the ordeal, and a tube of 
idUca glass wan, unfortunately, not airnkilable; so that iron uppeared 
to he the best material at hiuid through which to reach the interior 
of the dome and to insure the capture of the gase^i at the temperature 
of emergence) from the lava (about 1,000®) before any opportunity 
for cooling or contact with air had been given- 
The effect of this smal l section of iron pipe on the rclatioTi^ lieiwecn 
the gases collected in Ihe tube m not as great ns might at first appear- 
The action of on moJi at thb high temperature is quite vigorous, 
the iron going over to ferrous osid© and setting free the sulphur- 
But both these ingredientfi are present in the lava already, as may 
be seen from the analyses (Table 1), so that no new component b 
added, nor is any new reaction precipitated through the intmduedon 
of the iroHi ft might bo assumed further that the free hydrogen 
present would be jjarth' oxidized to water in reducing the ferrous 
oxide formed from die SO. and in>n (this li^ one of the reactions 
w“hen these components are brought together at this temperature in 
the labonitosy)^ but if this reaction has had a share in the disposi- 
tion of our hit of exposed iron we must admit its presence in over¬ 
whelming magnitude over the entire ititier surface of the dome,^ which 
is even'where lined with liquid lava containing nearly 10 per cent 
of ferrous oxide- The os^imption of this reaction would therefore 
have the immediato effect of cstabliahUyf the pn^^ence of water in 
quantity nmong the volcano gases and at the same time relegate the 
influence of the iron tube to a position of entire insigniflcanec- 
There is still further evidence, if more m needed^ that the local 
reactions set up by the iron are of subordinate importance only in 
their effect on the proportiona of the gases collected, and of no effect 
whatsoever on their identity and cbemicat relation. Supposing these 
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inb 4 ictii>ns to have occurred as described^ it t& then n niatier of strnight- 
forward oompiitatian to ghow that if the known weight of iron wludj 
was dissolved away by the gases, both th04^ vi'hkh entered the pipe 
and those which merely played on its outside wall,* had reacted in 
thk manner; and supposing further that all the products of the 
reaction, both outside and insidci, entered I he collecting tubes (wliich 
is ohvioualv impossible)^ it would have involved pumping thrOT.Jgh 
the ^steni some 225 liters of pure hydrogen aa an valent for the 
iron consunicd^ and diis still falls diort of the quantity required to 
account for all the water collected by more than 40 per cent. More- 
oveFj if the attempt Is to be made to account for all the water coJ- 
Sected in our tubes through rcjictiom requiring free hydrogen,, it 
is altogether inconceivable that any such quantity of nneombined 
hydrogen is available in the emanatton from the volcano. For if we 
wore to assume that af^ much as IjOOO litera of volcanic gas (whidi 
b a very libersil u^imate) passed into the euUectiug train in the 15 
minuter during which the pumping was eonUnned, such a quantity 
of free hydrogen (3i5 liters) would he equivalent to -10 per cent of 
the total composition, a quantity suSicicnt to form an explosive mix¬ 
ture on contact with air of such extreme violence as to change the 
entire character of the volcanic activity at Halemauiuau. It is a 
fact of general observation tlmt the bubbles of gas which come up 
through the liquid lava, even when they reach the enormous size 
of 30 feet in diameter, give no expJo^ion whatsoever. 

We may therefore fairly concludet both from the character of the 
reactions in which the iron might have a part and from the quantity 
of water ooUected, that the presence of tlie iron tube has no consider¬ 
able rignific*nce in rektion either to the ehanioter or to the amount 
of volatile material coUected. 


TFTE aXACTTOK BETWtnN SOj OH CO*. 


To this reaction as^med to be going on between and FeO may 
be added another ond much more important one in wliicb the iron 
has no port- Tfie free hydrogen free by the volcano reacts with 
salphtir dioxide at 1,000® to give water and free sulphur directly. 
It Will also be recalled tliat carbon dioxide and hydrogen undergo 
simildr reaction at this temperature. Tliis is the fa to ilia r water- 
gas reaetiDD 

H,+CO, CO+H,0 


which hflij been thoroughly studied by Haber * find others throughout 
tbo entire range of temperatures found to prevail at this volcano, and 
may be accepted without linutation oe an important factor in th* 

■Tbr Rtal^ on 1kt« Uoa alpe Khve tipwin Vii4 fAUatl Ko eonEnlii mtr ^ <tai or 
tttfum tfxkl» tad AliOiil a f'^r Hul at tf^phiir+ 
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nctirity which wc are studying. li fol|i>Wfi directly frtsm this that 
the chemical analyses of TOlcano ga^ea offered by Bnin in support of 
his oonclusion thai the e.\hn1atlcim from Kilauea and other volcanoes 
a IF iijihydrotiit. also carry on their face the dear proof that his eon^ 
chision is untenable. Neither COg unr SO. ean be associated Tritb 
free hydrogen at temperamres in the vncinity of 1.000® without the 
forojation of water. The tw^o analyses offered by Bum of the gases 
given off on reheating the iGlauca lava show them to be ehtefly made 
up of precisely tlic«e ingredienbr (loc. cit., p. 115) : 
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It is* furthenimre, noticeable that live analyses here offered by Bruji 
aa representative of the gases emanating frutn Tlflleniflumau do not in 
any way agree with the composition of tlie gas which we obtained 
from liquid lava, lie Onds, for esample^ in one analysis more than 
7 per cent of chlorine in one form or another where we find 0-03 per 
cent or less. He obtained about 5 per cent of SOj^ whereas SO* dur* 
ing our visit was perhaps the most notable gas evolved from this 
crater, 

run RKLAHTi: quantity or the fTiNSrirUENT ftASEJi, 

Leaving now the question of tlie identity of the gtises discharged by 
the lava at Hnlemanmau* we should perhn{»s turn for a moment to 
the consideration of their relative quantity^ which, as already inti¬ 
mated, is not 30 well estahlished by our samples because af tJ^e unex¬ 
pected presence and condensation of the water in the collecting tubes. 

In addition to the presence of the iron tube, and its pos&dile effect 
on the total qunntitT of water and of free sulphur collected in our 
tubes, which has been discussed above, oiir analyses of the goisefi 
(p. 289) are subject to a second limitation whidi is at once obvious, 
l^en tlie pumping had been completed, the collecting tul>es each con¬ 
tained a quantity of the condenstKl walccT in which the iixed gases 
are individually ^luble in vary big degree both during and after 
cooIingH There is also some reaction between the gases and w^ater. 
Tile long ])eriod which eJap^ between the date of collecting the 
gases and their analyda in WaRhington after the close of the field 
seai^on—^nearly u y^nr — gave opportunity for these readjuidmerita to 
proceed practically to completion. Tlie SO,^ for examplcx hns gone 
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oVL'r ill part or altogether to SOj nod gone into ^nd only 

two of tie five anaJyssed now show SO, ^illch. lloreover, the 
resulting add f^lution may have reacted to a limited extent on the 
glsm tube, arul accordingly Ije responsible for all or a part of the 
alkaliesi^ llme^ and alnmma nbowa in analyses of the water (table 3), 

r^U^MINAHV AXxlLYSEa Ot ONH TUBE OT OAii IS HoXOLtmU. 

For this reason some ioiiKnlBnee aiiadies to a prelimirmiy and vei^* 
liasty anafy&is of the eoateiUa one of the tubes (No* 3) made but 
four days after the collection, for which tlic^Collcge of Hawaii most 
eoiirtcoiidy extended the facilities of its chemical laboratory at Houci- 
lulu. This preliminary nnalyBis was undertaken solely as n precau¬ 
tion agaiujit the consequences of a po^ible total loss of the materiftl 
collected through nceideut^ uf transportatioix, 

Owdng to the limited facilities^ it was not possible lo nmke a com¬ 
plete analysis' but in tube No. 3 shaking with water reduced the total 
volume of gas by 51.0 per ecnt| which may fairly be assumed to repre¬ 
sent the SO, in thk particular tiilw. As there w'as a quantity of the 
condeiUied volcano water hi the tube ttlreiidj\ thia merely reveals the 
quantity of SO, in excess of the quantity alraiJy taken up by this 
water. Yhr carbon dioxide of this tube amounted to 3B.8 per cent, 
but Was probably cunt ami iiwted with eonie SO,. The CO luuourited 
to li.& per cent. The hydregen and iiitrugcn could not be deternuned, 
but thpre was not enough hyrlrogen in the residnal gas to form an 
cxplosixi- mistufu when mixed 1:1 with air, Tlie water in this tube 
gtvc a very sligbi turbidhy with acid silver nitrate and a slight pre¬ 
cipitate of SOfl. This latter represents the amount formed in the 
tube tn the tirue w'hich dapiiiHi between the collect ion* aiqj analysis 
(four days). Tliie ttd>e gave no test for titanium. 

Hydrocarbons Cfudd noi: be detected in nny of the tubes. 

MATr:aiAL J-BRStXT tx THE TVAtTS, 

The water which was collected in die first tubes of the series may 
fairly be asKuaicd to c^tain practically all of the halogens. The 
aiiatytijs of this wflter is given iu Table 3. 


Tabll in M-nirr coUrrini 0* Ihr 
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It is not iuii)rabKblt> ilmt mo:it of the u-lbaUef^, lime, and altuniua 
have resulted from the action of the add liquid on the glass tubing, 
but it is of the greatest importance to establlBli the fact that the en¬ 
tire quantity of gas punip^ through the “Trash bottle'' yielded no 
more than 0.4 gram of chlorine. If this U' inJcubted in the form of 
gas, it will TOrres]jond at most to 0,0-2 per cent, assuming that ap¬ 
prox imately 1.000 liters of gas were drawn into the tubes. Fluorine 
■.wiTiB to be present in aljout ivdce this quantity, but in no sense can 
these halogens be reganhtl as forming more than a very minor part 
of the (Tftter exhalation. 

SARE n.vaES. 

In the progi-efis of the analyses, after all the active gases had been 
removed from the several tutws analyzed, there remained an inactive 
residtie which, of course, eonaistetl mainly of nitrogen, but which 
miglit be supposed to contain traces of argon, helitim, or other of tlie 
rare inert gases, should any such chance to have been present in the 
volcano emanation, I'or the determination or detection of these sev¬ 
eral of the residues were hr ought together in u spark ttibo and ex- 
poserl for several hours. In the pt^sence of ox^'gen. to an alternating- 
enrrent spark dischargE of considerable intensity. AVhen the volume 
of reskhiEil gas could no longer lie diminished by this means, there 
remained a final residue of 75 cubic centimeters of gas, which was 
fonvarded to Prof. R. W. Wood, of Johns TIopkins, who vety kindly 
offered^ to make a sjpectrcocopic examination of H for truces of the 
rare gases. Tlie search yielded a decisive negative re.snlt. Xo lines 
ehamcterlstic of any of the row gOJies could be found with the 
spectroscoxie, nor did exposiiw to chiircoal at the temperature of 
liquid air leave any residue whatever. The gas examined was, there¬ 
fore, all nitrogen. Sub^iiently the residneti (15 cubic rentimetera) 
from another group of the tubes were treated in the ijame way and 
forwarded to Prof. Wood, who was again able to detect nothing bnt 
pine nitrogen. Tt appears to be definitely established, therefore, that 
the gases collected from Htdematimau in May contain ntirogcn but 
no argon. This affords u most desirable confiimatio^ of our belief 
that the volcano gases were successfully collected before they had 
come in contact with atmospheric air nt all. and were therefore en¬ 
tirely uncontaminuted either by reaction or admixture with iU It 
also offers support to the view that the volcanic nitrogen is not of 
atmospheric origin—to which further allusion will he made In the 
eoncludiug ptinigraphs^ 

i Wf Ml» to tlfli cq^tHKltDiilir to,think Ptgf. Waod for offorinj tg 

txualofl ibene fu r^aldEwi. 'flu LaborntOCf tt Wtiihlni±oa p OiitMW 

dplthrr IIm^ fiqql[HPfidt nCir tbi BtCMlPf td im^CTtiJEV a tpHlTOftOpIr 

■indj df th|p rrltlml clunctcr. 
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THE CXUXECTH) IN DECET^mER, If*IS. 

From the gases which w€ra collecteii in vacuiun tube^ on December 
4^ 1912^ mof^ le^ information k obUinable tlmn from the ilay col¬ 
lection* in gpite of the more etaborate preparetiouK made for the 
second attempt* This was wholly due to the fact already mentioned^ 
that the dome from which the Diecember were collected proved 
on near approach to be an imperfect one* which permitted the en¬ 
trance of air iiiid a partial combustion of the wiihin the dome. 
Six individual vacuum tubes (two of one-half liter capacity and four 
of 250 cubic centimeters) were antomatically filled and isotiled off 
within this dome and were brought to Washington in safety^ but 
were found on opening to contain mixtures of volcano gases and air^ 
such os might be expected from exposure to the temperature at whieii 
they were collected (about 1.000°)* There is, of cour&e, no more rea¬ 
son for e*tpectiag the diemieal renctiou between the gases and air to 
have proceeded to an equilibrium than in the case of the leftctions 
between the volcanic gases alone^ whence the analyses of the gases 
contained in these tubes may he expected to show very variable 
proportions. 

In stating the analvitea the free o.xygen found has l^n sularaeted, 
togetlier with a corresponding portion of the nitrtigen appropriate to 
the normal composition of air* Probably moire of the nitrogen should 
have Lieeti subtracted as tm equivalent for die oxygen taken up in the 
combustion of the stdpbur products and carbon monoxide^, but the 
amount would be difficult to fix in vitsr of the reactions between the 
volcano gases themselvess and it has not been attempted. The analyses 
at best add but little to the kuowlo^lg^ already obtained. 


TiHLE 4,—0/ ffom** in December, t$}&, 

bjr Wright.] 
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I f we make the only available assumption^ namely^ that the oxygon 
which k now present as water, if it eame from the air^ must have left 
behind i\ Gorresponding amount of nitrogen* then the amount of 
nitrogen found in these three vacuum tubes is in every case two or 
three timea too small. For example, in tube No* 2, if all the oxygen 
now contained in the water came from adndxed air^ there should 
liuve been at least 240 cubic centimeters of nitrogen in thk tube 
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msU&d of 74 cubic ceutimelots, m nciuully found. There is but oru? 
conclusion, namely, that only the minor portion of the wntor found 
in the tubes was formed throtigli reaction with atmospheric osygen. 
Here again, therefore, we hare corroborative evidence of water 
emanuting directly from tlie lifiiiid lava. 

None of these vacuum tithes gave a test for ammonia, which is not 
surprising, since the water collected in ilay showed only a trifling 
amount. With the jiossible esception of 5 milligranis of insoluble 
residue found in lube No, 1 of the May collection, no titanium wa-4 
present. The other tubes of the series yielded none on test. 

TIIE HW EJlAN^ATiqNS rJWJSf riL.VCIl8 aUJOI'T the iTALESIAU>iAr CBATE«. 

It waa thought desirable to collect and analyze the gases from a 
number of the hot cracks which occur outside the rim of the Rale- 
maiirnBU pit {see pi. 1) for comparlBon with the gasea exhaled from 
the liquid lava. One of the cracks forms an almost complete ring 
around the pit at a distance of about 150 meters from llie riiu. 
W TiiT p this crack appears practically continuous, there are a number 
of points where the gaseous exhalations are much more voluminous 
^hiiTi at others. The small steam cloud in plate 1 comes from this 
eraek. The temperature of the ^ses obtained at points on this cir* 
cuJar crack and some 10 feet below the surface ft'er® quite uniformly 
between 100“ and 200®. 

At the most noticeable of these “’hot spots,*' locally known as the 
“ Devirs Kitchen or “ Postcard Crack,’* and situated northeast of 
the Halemanmaii pit, the surface lava flows are much decomptKed, 
and consist of a coarse, somewhat sandy mixture of calcium sulphatB, 
alum, ferric sulphate, and much free sulphur. In the gaseous exhala¬ 
tion the aoiount of SO, occurring as such is relatively high, while 
CO,, SO,, and free sulphur are also present in large quantities. A 
vacuum tube filled at this paint yielded in weight per cents: 

iTtr emit bj 

GOi- - - - 3,0* 

0 ,_ _ -.. . m!54 

y_,. . , -.i. - - 

- - - 0.71 

SO/, - - - - - .aj 

Other tubes which were filled by piuniiiiig at this crack were found to 
contain fiietl gases ob follows: 

IPtr wait bT Tai™p-1 

OQ._ ____——-— ----- 5.6 

__ _—--- IS. 2 

X, __ _____—,--- .mo 


Tlw JnilpUiir b* 8O4. 
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wliiJe the trater (about 30 rubic centimeters) yielded; 

GrtJB. 

a... = . G.0313 

F __ .. __ ___ ,<Km> 

so»,.^ . *m 

NHi., - . . . ___ .0 

Anotlier i^pot of gaseoiui activity aceum In thk circular crack 
near tlie ternDnus of the automobile road and ^iithaa^i of Hie center 
of the active pit The vacuum tube taken at tliis point yielded; 

CO,. _ _ 

Ow- .. 

- 

HiO _ 

m. 

The water contained in tiie tube which was filled by 15 minutes' 
pumpiiLj^ at this point (amonnilug to about 15 cubic centimetei^) 
yielded the following; 

OrmD. 


Fifiy iucl«rei to the northeast of this point, along the ssms crack, 
the gas obtained was merely moist sir, with a trace of SO^ and 
uncertain traces of Cl. 

About 100 meters south of the terminus of the automobile road is 
a moist region, where the decompoeed lava rock was found to be more 
or le&t saturuted with sulphuric acid, the decomposition products 
being black rather than the bright sulphur yellow prevailing at the 
points above described. A vacuum tube taken in thb region, which 


is again on the circular crack surrouiiditig the pit and nearly due 
south of it. yielded; 

[ Per CMi r hi wetfeHi. J 

COi- -- (tot 

- IMS 

ao-. -- T.81 

Cl--. ...,1......_ _ _.--, 0 

The water condenscvl in a tube Blled by pumping at this point 


yielded about 3 itulligrams of chlorine, but no dour me. 

With regard to the chemical products along this circular crack 
about the crater basin of Halcmaumau, we can sum up by saying that 
water, although no doubt partly of meteoric origin, was always pres¬ 
ent at the lime of our visit, and the gases were prevailingly high in 
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carbon dioxiiie, sulphur dioxide, jind sulphur trinsLde. Only ni the 
.^uioiuobile road tertuimis was chlorine found u> Iw present in fin 
amount suRioient to show appcMiabli^ iti a Held teat. 

Cracks: farther removed from the lUlemaiiniaw pit show m some 
cases small amounts of SOa.bnt more fmiuently exhale merely steam. 
Thus in eaves wttere stalactites are forming; at a tcmpcrnture of about 
M 40*/ the gas pr^ent was in all cases exarnjiitd merely air and steam 
and contained no more CO^ than is iionnally contained in the air. 
The formation of the stalactites in this cave is accompanied by the 
formation of gelatinous aSlica in the presence of gome kind of gneen 
ttlgm, might be expected^ neither carbon monoxide nor bydre^m 
was detected tn the ga^ taken from these cracka^ 

SOaiJlLiTION AND DECOMPOSITION FRODUCm 

Xutnerous samples of decomposed lava were taken from various 
points around the crater where the alteration of the surface bva k 
conspicuous. ITTiile the examination of these is not complete, the 
preliminary results can be summed up by saying that the sampler 
ccHLsist primarily of the products to be expected from a sulphuric 
iicid decomposition of the usual basic lava. In most of the plac^ 
where these samples were gathered the surface is constantly bathed 
by the volcanic cloud carrying SOj, SO|.j and free sulphur, together 
With steam t which ingredient predpininatcfl is of no particttlar in¬ 
terest, so far as the general prohlem of surface alteration k concerned- 
In addition to the gaseous products, the breaking down of the lava 
results in ferric sulphate, which is formed more or less rapidly from 
the oxide in presence of steam. Alum occurs at favorable places over 
most of the main floor of the Kilaueu Crater, but the Eimouut is rela¬ 
tively suialL Gj'psiim is perhaps the most common decomposition 
product which k left, and this occui^ all over the crater. Projecting 
lava pointa on the under side of a lava block will often be found 
tipped with small crystals of g^^psnm. 

Since the gases collected point uniformly to the conclusion that the 
, amount of chlorine given off by the crater at the time of our studies 
was relatively insignificant, it seemed worth while to look for it, ag 
Bruii had done, in the older lava which had been exposed to the 
fumes of the crater for several years. A ^^i^erinien of lava waa ac- 
corflirigly taken on the lee side of the crater rim, where it bad been 
fumed with the gase$ carried over it by tlie trade winds for 20 years 
or more- Thk lava in a S-gram sample yietded no test for chlorine, 
Thk result is not as satisfactory as it might otherwise be from the 
fact that the major portion of the exhalation of ibe volcano is 

' W. T. Brbcbiim T Ttw^ Takmn^n nf mirtllra MumiJi Lorn on llw iHland i>f IlnwalL” 
p, 29 . HoBitiusu, loaa. 
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n^tueh. when tiombmed with water^ readily changes m sulphuric acid 
and would tend to drive the ctdorine out of any combinatioiiia which 
it might form. It eonstitutcs^ ueverthelEss^ ^ plain ludicatiou that 
the amount of cblotinie actually evolved is Insignihcsnt 

oiBcussioN or REeri.m 

coTTCLraiQ^Q, 

In so for^ then^ ss this recomiufi^sance yields Bnal results^ it ahow^ 
that the gase$ evolved from the hot lova at the Halcmaumati Crater 
ere 3f^* H.O, CO 3 * CO, SOs^ free H, and free 3, with CL F. and per¬ 
haps in comparatively msignifieant quaatity. N"o argon or 

other rare gases an<I no hydrocarbons were found. 

TUE ciTErr or rnt jiE,4eTi^!fA arrwEoi tue oAsia. 

The first plain conclusion which follows from the discovery of this 
partienler group of gasses as^inted together at a temperature of 
1 , 000 * or mi>rc h tlmt they can not po^ibly lie in equilibrium t hcre^ 
and that chemical action between them b still going om IVliatever 
may have been the pravioife opporttinities for chemical readjuaiinent' 
among the gams as they rose in solution witli the magxua and were 
gradually set free wHh the dmiiniabing presanre, they ai^ still in 
process of acttve reaction when discharged into the air. Free sul¬ 
phur, for example, could not have remained in permanently stable 
as^iatioti with CO.; neither could free hydrogen be found in stable 
association with CO^ aud BO. ut 1 , 000 ^- 

TBE KvrrrT or tbe ixrA^zaiaii or the aAsea. 

Sloreover, as the pre^sfiiro continued to dimXnisb during the progress 
of the upward niovement, the quantily of gas released from solution, 
and therefore free to enter into new relations, must hava been con- 
stautly and rapidly increa^irig up to the moment of discharge into 
the air* 

Two consefjuenc^ follow from the continuBtiou of this operation, 
which are thertnaUy opposite in sense. First is the rapid expansion 
of the gosi^ With the release of pressure, which b a cooling phenome¬ 
non, and which, if the expansion takes place suddenly from n high 
pressure into the air, might finally be extremely rapid. 

OF THE rDailJrTIO.T OF AJ, tAtA. 

^ ParcntheiiMilly, it may be notcrl iu pasaing iliat such rapid expim- 
flion and consHiut^nt cooling when occurring suddenly at the surface 
may Tcry well be the soffieient cause of the A a lava fomiations. 
Great blocks appear to have euoled iu this way so rapidly that no op- 
portunily was given for the suddenly projected and rapidlv 
{Mindmg lava outbursts to ” heal ” and resume tiquid How. The pro- 
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jecti!^ messes an* cooleil almost mstaoUj tlmmghout their mass ^ud 
rcmnhi discrete blocks of the roaghe^ and most ragged outline (pL 
H)* irhkh era pushed forward thereafter in a maimer which has bee^ 
likeued to a '■"moving stone beneath which the advancing 

liquid can rarely be seen* This hypothesis of the maimer of forma* 
lion of Aa lava has cncouiiteml no limitation from a field examina¬ 
tion of Aii flows at the point of outhrenk* and enjoys still further 
confidence fjrom the fact that this is almost the only conceivable 
method of bringing about a nearly inatant cxiolijig throughout the 
maijs of a Y"ei7 large block of lava. (Au blocks are sometinu^ re¬ 
ported to reach the size of a small house.) Any manner of cooling 
from the outside inward in ^uch mass^ must have resulted Ln miich 
mechanical deformation during the forward movement after the 
surface had causing rupture and outbursts of imprisoned 

liquid, none of which were found hi the field.^ 

The rate of cooling of gnses expanding adlabaticuUy has been espe¬ 
cially emphasized by Dalyy* who lias contended that when the liquid 
lava finds exit through a long and rather narrow pipe, like the vent 
at Haleiuaumau, the pressure must diminish rapidly iis the lava risea, 
and the temperature must fall rapidly in accordance w-llh the Ittw of 
adiabatic expansion. In order to maintain such an exposed surface 
basin in the liquid statey jt is then necessary to peculate a very high 
tempemture for the lava far below the surface,* but this has serious 
difficulties because of the chemical complications which would follow 
from it. 

CII^VIOL ItrrWEEIX Tlia RaSEAh 

The second consequence of the gradual release of gases Is the in* 
terreaction between the ga$ea thus set free in constantly increasing 
quantity as the surface k approached. These reactions are aecom- 
]>nnied by evolution of benty wliich obviously operates to rai^ the 
temperature of the surrounding lavo ao long aa the reacting gases 
remain in contact with it. The heat generated by these gas reaedons* 
in the region near the surface where the amount of ges is large, may 
well he much more than siifRcicnt to counteract the cooling effect of 
the expansion within the rising lava eohimtis which may thus become 
hotter and not cooler as it approaches the ^rface. 

Precise figures can hardly be given for the difference in magnitude 
l>etw^ni the two forces which have been oEsiimed to nppose each other 

' Far atikcT e^lB.iiMtj|QDi of itw fordUtlon tli« .Ila Iati Ginwa,, loc. clt 44 p. 171; 
IIttclL<?DciE r “ FIawaII ud I E» TiJetUwfi." Pi OSi Diiii : ** CMrA^twrintlcB of TDloAnoei^^ 

tt. jr4i, 

"B. A- Dnlr: *■ Tbe nutarB ni Tolcmnle Mctifld.'* Prac. Amer. Acad. BcL, Ttrf, 47, IPII. 
P 84. 

• Imtr htM nleulAtfd a [ttBpmtturA ir-adlent vf ^pOOO* pftT 87 cocfcrc depfb (*r tbfl 

rate ol cootliijc af th^ atoiio, but tbir calcnlatiem tAke* ih^ areouui cf the rtlattw-ly 
htuimtaiui ipAM of adJi-c^Bt Iata which sinut cooled hy tlw gim. 
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berc^ the adbibiitk iwling on tJte one huncl And tbe beat of reactioti 
between the gafiei= tin tUe other, for we do not yet know what all the 
reaction^ ire in such a c.^»DipUeated fhemiL'iI sysrtem. nor do we pos- 
Sse&i any knowledge of the height of the lava eohinin through which 
the gaseii are free to react In fact, if the tul»e w'hich feed^ the vol¬ 
cano from below he supposed to contain both afK'etuUng and defend¬ 
ing columns of liquid lava of widely variable teinj>eraturc (Daly) 
in which tba circulation is primarily controlled by the (relatively 
very large) differences of speedfie gravity^ then it is indeed question- 
able whether the eonunon eqiiailona for adUbiilic e^paiision find ap- 
pliratioii here at alh In any event,, If Ave may a^nine such reactionu 
to be going nn between the gases as : 

Hj + COff = CO + ILO + 10.000 calories (Huber) 
or 

CO + i O, = CO, + mfiOi} calories {Haherl 

f>r the reaction between ga? and lava: 

•- 

SFeTl + H 5 O = Fe,0^ 4" + ir»,40O calories (Chamberlin) 


then the clFect of adiabatic ci>oliijg is certainly' of negligible niugni- 
tiide m comparison with these. This is eta'^oning far beyond the 
data now in handj but it sjcrvea tu -rhnw ihat there h no cooling 
effect of eomparable magnitude w'ith the heating effect of the reac¬ 
tions going on within the active lava. 

If the reactions quoted above afford a proper measure of the order 
of magnitude nf the heat quantity thus released by ehemicul reaction 
Within the tube and surface ba.sln of the volcano, we have here hap- 
penetl on an enormous store of volcanic energy which reaches its 
maxLinum temperuture at the s^irface Uself. It in by no inean» cer¬ 
tain At the moment I hat this discovety throws noy new light on 
condidous far helcnv the surfaiHit except perhaps to relieve us of 
ihe necessity of fxaitiihttlng extrtune teauperature^ for the lava 
chambers below, which un other grounds must i>e cnnsidere^i highly 
improbBhle^* 


^Wlsrtliw tiwH rauMlOnl lEiaj Krrti la n wftrH of famt thrcinjfh wMcb lo pafTit 
lb# r«f«Dib^H43c« Sftwwn T&ldule aod HtEloB IEmIjtI bi1a4 Ih 

ntb«r to. Lb# r^tn wf itwcralotlcin. At ill tlw rOp^mcUl pb^nomk^iti #t 

iCllbDH woKiltS Hfl'm lo aii4 n ExplaabtloD wUftoat rtqbirlaif bar ot tbe #|«<cta 

Cb# KAwi to b« of dH|t-«t#4 oflllEL IncWdk Ua# ootbrabli Ib lOl^. ■ 

itp^ ^nicn Um tAluH IfliiDrtlEMfceljf bOlwot to th# Imv# lok# laij mmr 40 fm bb^v# 
II# ir^i (pi, lu^ waoia »Ht# t4 bmMiitbt* dltfewB-cri «f prfT««arv, #Bd tlur^m 

ucpAnli |#iT# b^i «b#trt dMaac*# bekrw ibi inrf Ac#^ im bdcIi. lb# UIm^ 

^ brtw™ ncighboilaa acri«r# of iiuf^fnit 

^ tbkneli^. tlM giiM g, coraaiRB vinm p#rc«l#£i|it ULr^ath etkanlbbr# 

o m. BUilhb wwald #xipg#r tn bEooant 




SinJ|h*Drti*h IPI } — Snipni«i^ !^LihTE O' 



Uava Oh th£ Maim FLOOfi df K^lau^a CRATfn CJljne 22 , 101^). 
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In full accortl with the pc<dtiveo<mdua5on that these partkwler gawa 
ean not e 7 ti?tt«>gether in st able eijuilibriumat the lempcratui e at which 
they are faimd, bnl arc in process of active reaction, the record of the 
analyses shows their coniposition to vary from one lube to nnother. 
Sntwessivp tubes collected from the volcano nt the same time (Table 
p. 28i>) do not show the individual gases to be piyscnt in the siune 
proportions, hut rather in protiortions which change with eiery 
bubble which bursts from I he liquid basin. 

V.«MATIOSS w 1-^VA TaKFRaA'nrBli BPHULTISO FBOU rUE ‘-kS Kt.\CtK>KS. 

Fartlmr confirmation of the same conclusion is found in tltc observa¬ 
tion, already noted elsewhere, tliat when the gases givxlt off by the 
lavH intreasc in quantity (ph 11). the quantity of lava (lava level in 
tliB hasin) remaining the same, its temperature increases, and, con- 
versclv, when less gns is disthiirged through the lava this temperatunt 
dimitiislw's again. I>nriug the period of our visit in 1912 this chan^ 
in the temperature at the surface of the active lava in the basin 
amounted in inayimunj to 1 !■">'’ f-Tune 13, 1012, 1,070®: .July f>. 1912, 
1.185®). and is therefnix much greater limn could be explained in so 
large a basin by fortuitous conditions of measiinimeut- Tliis absence 
of equilibrium and conseqaeiit variability of composition is also in 
accord with the oliscrvation of Perret and others at Vesuvius, thst 
ih* relative proportions of the gasea vary greatly with the condition 
fif the crater. 

OT£j£HL| V£. IxAVAH (HltUll). 


From the same viewpoint the laboratory observations of Brun on 
“ live*^ or ^ explosive " lavas nnd, in contradistinction, “dead ” lavas 
acquire new and rational significance. Tn all the e^rienco of the 
(Tconhv'sical Laboratory with the t henna I study of silicates, we have 
found no natural rocks or minemts which did not set free gases in 
considerable quantity when hented in the laboratoiy to a tem^r- 
Miir, l•icll <«' i««l' Ch.mliMliii,* in 

hi. .iiihomte «riM nf '1'f f»“ <•"n^«'""l m mAh »«■» 

r. l.»v<. h»,l the »«» wpiirienc.. «t jr* audiii, .r.(l«h« ^n»nt 

:Xiont brndth of ...porinn™ •<> 'h”* 

.IV nn “ <h»j - ronU ‘PT Tw " ?? ”” 

lonmir mW oripn«l voUtilt inB"*™!* ''“o 
^ger ieiva« s, .Jnill the neoriv or quite universal dmtnbu- 

^ th. other rita, bn. .nppo* .h«. 

-^ -- " "T ,n-ki. rmrtei*ii IwriUn^ikiia ^ 

> 8 , T. CtonuNirlto: 'H'* »"* 

Xp. iW, 




OU- Ai'XVAI. REDOUT SMITHSOJTIAX' UreUTUTIOX, 1013, 

pcri^, then rehcnting lu the Inboratorj could discover no ’* M|>Io* 
sivflrocks, TLe distinction “dead '' rocks und “live” or “ciplo- 
aivB r^ks loses all si^Lficance so long ns il upplics merely to rocks 
containing gases in virtual ntiuilibrinm with each ether, whkli merely 
release the gas when heated. But immediately we itridorataiid that 
in lavas carrj'ing gases in solution or meclmnical imprisonment tlie 
gases shut up therein may react togetlier, witli release of lieat, the 
moment they are free to do so, “explosive” lava has a definite mean- 
ingf and Brun’s experience (loc, cit,, p. 5j5), that “once the expansion 
has commenced notlung | for example, ^vithdrownl of the source of 
heat] can stop it,” becomes n meet illuminating one. Bapid expan- 
don of the reacting giisea^ together with tbo weakening of the incloa- 
ing walls through the access ion of lieatthussuppliedfi'Chm within may 
verj- well prodii^ explosive phenomena, in the sense in which Bmn 
used the temi, either in nature or in the laboratory. It is otherwiise 
somewhat difilcult to isee how simple adiabatic expanaioiL of n gns in- 
closctl in walls of obsidian, which am very* vL^ons even Ett very Iiigh 
temperatures, can produce “ explosions ” in the maimer postolated 
by Brim. 

WATER AEJi TUS nXUlC ilJNEEAtB. 


There is aiioUicr conclusion wliich has been freely olfered by those 
who hold to the view that II.O can not Iw prestni as such in the 
cmanatioiifi front active volcanoes, of which a statement may be 
found in the rpiotation from Green in the oiiening paragraph of llm 
paper. It states that “ the basic minerals thentsclvcs give no indica¬ 
tions, in the main eruptions, of having been in rontaci- with water, 
hiffMtf ajs th&j atv to auch an 

It appears 'reasonably certain that tbo italiclaed portion of this 
quotation (italics are ours) is dictated by the reintion betweeji basic 
rock, liquid water, aod air ni eompariiti^'iely low tomperotiircs, and 
to this extent it may very well be true. In the active volcano Kilauea, 
t dealing w'ith giLwous HjO at a temperatun* above 

I,fW; this is quite anothei- matter. It is a part of our program to 
endeavor to supply the lack of proper data about the relation between 
tlie several gases found and the chief ingredients of the liquid lava, 
an in \new of tjie absence of sucli data at the present niument the 
c|uestioa raised ran receive no very complete answer. It ia, neverthc- 
es£, a comparativelv ^mple matter to bring the ptiwderetl lava and 
water together at 1,100' in the abseticc of oxygen. Tlie restdt ao- 
pars to support our view, for after several hours of the most in- 
timale contact between the gaseous H,0 and the lava no chemical 

■ In bo far as a quahttrivc experiment of this Uind mav 
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1h* * regiiniwl pam^lusive, tkk lava is nut appreciably affected by 
w flier »t tli& tejwp^nitures whicJi etbtain in the lava la kit up to the 
time when tbo water leaves the lava and is diecliargcd mto the air* 
Pending the requisition of more decnUet] data, thereforCj we may 
leave thi® question in abeyaiieej with reason able conddence that it 
will be found to be in full at-eoi^l wdth the fact otherwise established^ 
that water is present and participates Actively in the volcanic aciiyity 
lit Kilnuea. 

OtTQITT fir TtIC WaTCB. 

If we now grimi that wnter is preisent as an active ingredieni of the 
liquid lavflt in view of the positive character uf the evidence offered, 
then it becomes pcrtincul to inquire whether this wflier is of niag- 
matlc or of meteoric origin. Obviously, to this question no such 
positive answer can be returned us that which was offered in support 
of the niAin thesis of this paper. It is conceivftbk (1) that water 
may haY“e entered by in filtration of sea water from the surround tng 
orean, or (2) through more or less deep-seated infiltration of water 
originally meteoric, ort finally» (3) that it may be considered sirlctly 
magmntic in diameter and an original constituent of the tavn. 

Tlie volcanoeis of Hawaii are completely surrounded at no great 
distance by the sea^ which rises on their fiiinks to a height of 15,000 
or 10.000 feet« according to charted soundings and the observations 
of Dutlou.^ The crater of ICilnuea is about 15 miles from the nearest 
approadi of sea water, as recorded by the must modem surveyThe 
rock is for the most part porous In high degree- Above level rain 
falls almost daily on tlie idaiid up to elevations of 7,000 or 8,0CN> feet. 
Most of this meteoric water is deposited on the windward side® of 
the mountains and the leeward portions are desert or nearly oo, Tlie 
Kilauea Crnter is sit anted on the llatik of ^rauun Loa at an devatiem 
of about 4,000 feet above the eca nnd Is exactly on the ridge which 
separntes the region of rainfall from the desert of Kau- It is some- 
what misleading to assume wdih Dnnu that the rainfall at the crater 
is comparable with the rainfall at Hilo, the nearest considerable 
town where meteorologic observations are made. Hilo b to wind¬ 
ward of the crater and at sea level At the Volcano House, still 
somo 3 miles to windward of Halemanmau, the rainfall tables lately 
publifiheJ by the United Stat^ Geological Survey give tlie annual 
average for the years 1009^1011 as T3.7 inches at the Volcano House 
and 136.5 inches at Hilo. Tt is also true, though it can not yet be 

*C. E. tmtUiliT nKViill.n rolcanow. FimtIIi mutwnl ffport Stitn dwluflul 
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supported by mousured dnta, lJul the mufall ut llaleiimiimiiu b 
even smaller than that recorded at the Volcano Houiie^ for at an equal 
distance lo leeward of HaleoiatimBu the country b desert and prac' 
ticklly Without ratnfalL The present crater lies in the midst of this 
tranaition zone from 78 tnclies to zero. Be that as it may, there is 
B more or less abundant nitufall at Kilaticn, even though the ag'gre- 
gate amount is much i^miiller limn has hitherto iieeii sup[X)Bed. 

There b n further fact of observation which may !je ciUsI iu thia 
connection. Wdls have been bored on the sugar plantations at elc* 
rations up to 3,000 feet on Hawaii and on the other islaniL';. In 
tliese borings water is invariably met with (so far os we were able 
to learn) at sea level only. The water b ordinarily fresh, but a 
heavj- draft on it nlwaj's has the effect of jnerensing its salt content, 
and .some of tlic wells have been pcmianently ruined for irrigation 
purptKjCs by thb ] neons. 

So far as the conditions surrounding this volcano arc concerned, 
therefon:, water in some form would seem to be very width' db- 
tnboted except on the hi^ mountains, and as freely available os 
silica for active particiimtion in a^ form of volcanic activity. In 
Ihe poosent preliminary survey of the situation it theitfore appears 
as if any attempt to assign the water found in tlic lava to one or other 
of these three conceivable sources, or, perhaps lie! ter. to justify any 
specific distribution of it autong the three conceivable sources,* iiiiiM 
be based on assumptions of a somewhat urbilraiy and hypothetical 
character. Nevertheless, there are some indications which inevitably 
give direction to the probabilities whbli an individual observer mav 
fix on. First and most importaiii, in our opinion, is the fact that 
the nitrogen found in die emanation Ls free from argon. It b plain 
that if atmospheric water b to reach a hot lava column at a tem¬ 
perature of 1,000“ nr higher it must do lio as a gas. and therefore 
on the .same terms ns other atumsplierie gases, .^tigon is invariablv 
contained in the air in measurable quantity and forms no chemical 
compounds. Whence it follows that if the gases of the atmosphere 
had reached the liquid lava in any manner whatsoever the argon 
would be released with the others, but no trace of argon was found. 

The second difficulty is to conceive a mechanism whereby atmos¬ 
pheric or irtirface water of whatever origin (for example, the sea) 

"r Iwsin at it temperature of 
1 000“ or more. The Danbr^e experiment, whereby water vapor was 
found to make its way ilirough 2 centimeters of sandstone acainst 
an exce^ prKBiiro wjthiii, though often quoted in thb conn^ion 
does not help us to a aoluiion of it. The force which was active in 
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Dflubr^'s eAperiJiieiit is tlie surfucB teiufion of water only,’ niul water 
will obriously have ao surface terisioo above ita criLical tciupemtiira 
of 374® (ext'cpt perhaps tn so far us salLs in solution nvav have the 
effect of raising this rritiea] temperature slightly). This teni|ieni- 
liire passed, water must make its way precLwly like any other gas 
by (liiTustori throiigli pores or by overeoming' whatever choniicul ur 
medianica] conditions it may encounter. The prospect is not an 
encouraging one. The hydrostatic pressure at great deptiis uf the 
sea would appear to be the only sufficiently powerful agent to drive 
water against a Iiigli adverse temperature gradient, but to invoke 
this would be to invite nice distinctions of where “magmatic’' water 
begins and “meteoric’' water ends. The presence or absence of 
chlorine is not a conclusive factor one way or the other, Ijecausc the 
physical processes of infiltration through porous rock and of distil¬ 
lation ore alike of such a kind as gradually to leave the dissolved 
salts liehind; tliis is iUiigtmted by the fact that tlie bore holes vidd 
fresh water escept when the infiltration is very rapid. 

To 116 , therefore, such evidence tts there is apjiears to indicate that 
the water released from the liquid lava when it reaches the surface 
is entitled to be considered an original component of the lava with 
as much right as the sulphur or the carbon. 


• '^Capui.rr *»K«. W «arisrHY* «nlj Whtu am u. a .Eirflin of .eimnituji. Oitain thr 
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Among the muJtitudinous iniprcffliotiB which the ebbing tide lewven 
on the sands as it recedes the most curious are certainly those parallel 
lines of ridges, of varjing size or regularity, covering iit tim® im- 
iiie^ arais of the beach. They are known in French as PaTimolIcs. 
which has no significance, and in English as ripple marks, which 
^uie has prevailed, perhaps l>ecau» it is foreign, or perhaps because 
it is more expressive (fig, 1).* 

Eipple marks are everywhere so common that it is impossible to 
walk on any beach for a few minutes without encountering them and 
admiring them, os they always present a very lieamifiil ap[i(;arance, 
especjftlly when seen in large masses in tlie sunlight, although one 
may suffer from them, perhaps, if one is barefooted, as they make 
iMilking \^Ty difEcuIti Heweve-r* althougli they jire imiyt^n^allT 

known, no one seems until now to have defintlelv ascertained itUelr 
cause. 


Some regard these undulations os due to the waves alonet otheii; 
consider that thejr are caused hy the wind, by the transference of 
the wirfocc vihrolions to the bottom, when these have only a little 
depth of water to travereo in order to reach the latter. Loomed 
theories hare also been formulated to explain them, none of which 
give entire satisfaction. 

The 4]uestion still remained, therefore, “ Wliat causes the foimatiou 
of these ripple marks?" IVkhing to answer it, 1 have taken the 
opportunity, dttring n number of years, to observe ttLtentive] 3 ' these 
nndulatioiu wherever my tastes and fancy have taken me: that is 
to say, from one end of our coast to the other, and the cause of the 
phenomenon appears to me to-day so easy of comprehension tliiit 
1 tind jt diffiruU to explain to myself why an agreement regarding 
It was not reached long since. It is the very definite conclusion at 
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which I have arrived that 1 presierir here, Altliotigh it lf> simply that 
of an amateur who can 011 I 3 * bring to h\s researches a measure of 
cniriosit_v aiid much piktiencc? I lielicve that it will impress itself on 
others \\\ih the ssame force that it has on me. If they will consent tu 
accompany me. stage by stage, along the road wliich has led me to 
it* III order to simplify the explanation and clarify the text, I sjliiill 
present in connection with each argument the most cnnvinciiig of a 
mitiifjer of photograplis which I hnTc taken on dilferent beaches* 

In the first place, ilien* where are these ripple market formed! 
Broadly speakings ridges of thb kind are pi^uced beyond Urn 
reach of the waves on the dry aands of the interior of diine^ (tig* 2 ) 
and llkcwi^ on the sandy slopes of Saliani^ or the snow cur|>et of 
Alpine heights. Dae without question to icolinn action^ these do not 
Intereb't at least for the pr^nt^ though we shall have occasion 
to return to them Inter, 

In the area in which the ebb and flow of the tities manifest ihcju- 
iidves it is nect^ary to distinguish between nn ripper and a lower 
beach. The first prei^nts a ptirticiilarly steep f^lope. and the water 
only reaches it during the neap tides. But then the water 
a iiuich greater force, l>ecanse it must, during the same number of 
hours^ traverse a lojigiT course. For these two reasons the layers of 
water which are sprejid out, however thin they may be, are carried 
about with such velocity that no other force can counteract their ef¬ 
fects, But thei r action is vert icol* The gra i ns of sand a re e nergctkally 
propelled from below upward md from above downward, but solely 
in a vertied direction. Consequently, children's modelings^ foot¬ 
prints* or ridgKS raised perhaps by the wind during tlie time when 
the sand is drying, all inequalities indeed, whether dei>ressions or 
elevations, are erttswl or thrown down, as the smoothrd-out dope 
takes on the regular surface of a glacis (fig. 3 )* Figure 3 shows 
the sea at work; figure 4 enables one to judge of the final result. 

On tlie upfwr beach ripple marks are never fotind. Tliey occur, 
in contrast, in great abundance on the lower beach, as shown 
m figure 1—in great abtindaiLce, but not alwaya. nor everywhere. 
Figure 5 is a view taken in the Bay of Goulven on the same day und 
at the same hour os figure 1 , and scarcely n himdred meters to the 
light of the place where tlie latter w.as taken and toward nearly the 
^me point of the horizon- The tw'o photographs placed side bj" 
wide ^Dstitute a panoramic view of the »aiiie landscape. Tlie ridges 
which are so beautifully sliown at the left, are irregular and scarcelv 
outlined at the right, presenting merely a wavy appeiiranre. 

*’’ * of Lorient. 

th. ? BJoqud, q„ite ideally fUt, and apparently well suited for 
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to collect periwinkles. The wjiter, consequently, is receding^. One. 
however, pemives no trace of its having covered the sends. Their 
remarkably smooth, wet surface has the polish and the gleam of a 
mirror. 

In contrast, in many places, especiiiUy near the time of the very 
low water of the spring tides—for cstample, on the bare that form 
at the mouth and along the honks of certain rivers—^ripple marks are 
fount], which, unlike those shown in Ugtire 1. are not.a few centi- 
metersj high, but oO to T5 centimeters, or even a meter. Such ripplo 
ninrks are shown in figure 7, from a photograph taken at the mouth 
of tile Steir,’ or lagoon of I^esconil. 

.tVs the ripple marks, then, do not form on the npper pari of the 
t>oach. hut are extremely common on the lower part (which corre- 
eponda in sandy rt'gious to the tone of fucus and luminarian sea¬ 
weeds of rocky shores) does it not seem that it ou^t to sullice, in 
ortler to discover their origin, to note the points in whiclt the latter 
differs from tins former I Tills reasoning is correct, and it is pos¬ 
sible to draw important condiisioiw from this oumparison. From 
thhi point of view, however, it is of iniportauce to proceed in one’s 
dednetions with u prudent circumspection, without taking one’s eyes 
from the facts; othenvise, one is in much danger in a moment of 
inattention of arriving at an explanation of the phenomenon, whicli, 
when pursued n little further, will very quickly stiiprise one by be¬ 
coming in c.x>mpletc discard with all the new data acquired by 
ohsen’ation. 

Wiat, then, is the principal difference between the two parts of 
the Uuch, from the particular point of riew which we ate tnldngli 
Tl(c slope of tlie lower beach is much mora gcndi', so gentle at times 
that the waves in certatn region.^ recede for a di^nce of several kilo¬ 
meters in attaining tlic level of low water. Consequently, the velocity 
of the currant of the tide i-i there very gi-eat. In the Bay of Mont- 
St Michel it is equal to tliat of a horse galloping. On the other hand, 
throughout the duration of the (lowing tide, the progressing stratum 
of water which moves up the sands is very thin, so thin, incleed, that 
the waves can not perpetuate themselves and die out at a considerable 
distance from the shore. Ttiese lieaches are. while they last, like 
immense shallow lakes which gradually empty themselves. M’hat is 
one to conclude from such s state of things? Given the slight thick¬ 
ness of the layer of water, it seems quite natural to believe that the 
action of the wind should make itself felt at the bottom, forming 
there ridges analogous to those which it roiees on the surface of the 
ses. One may equally be ted to inquire whether it is not necessary 
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to uttribulf^ the formation of ripple marl^ to the violence of tbe 
current of the tide that svfeeps this very Hat area, or to the indirect 
action nf the vrind. or in some meaeute to the combined action of the 
two elemeaUs tlie air and the water. 

The second hypothesis has Wn very gencially adopted. At first 
sight, we repeat* iL apfjeurs vety convincing. In rcnliiy, it does not 
bear serious exam innttou, and should bo resolutely rejected. Wlmt- 
ever tlie stale of the ntinospbero. indeed^ oiie will observe that on a 
beocb tltere arc certain points w'bere at all times, or at least w4tb very 
grtkit nsgulaHly, ridges are formed. At other points on one day 
they will dtHuppear, lUoiigb th^ wind may blow a gale. wbUe on the 
morrow they reapiiearj though the ^iky may be calm and the sea like 
glass. 

A fit oidy is tlicre no correlatiun betw'eea the movenients of the 
aei'iiil ijcean and llie wrinkling of the sandy surfaces submerged 
under d very thin stratum of Tvater^ but, on looking closely, one 
observes that it ia particularly in those places where the bottom is 
eapeciully protiwtetfl from the inilucnce of the wind that these marks 
attain their largest dinicnsions; for esLample^ where the ground is 
accidentally aunken. in the depths of pools^ or on the banks of simall 
iTtreams, or sit low'^wnter iiinrk; again, wliete the fore^ of the current 
of tiio tide* as w-tdl as that of the wind, w^haterer it may be, remains 
compratively negligible, and is actually without efTect, for example, 
on tlie sands of bars, which nre exposed oidy a few mli^utcs, and then 
only fit the e<}uinox, nt tiie mouth of rivers and streams. 

One should not have a shadow of ft doubt on Mm point Bipple 
marks are the work of the tide^ and of that alone, os they are nowhere 
so nmnerou-S and conspicuous as where the f^nds are best protected 
from the effects of the wind. 

This lirst point settled, it remains to hftrmouixe ihh assertion with 
what we have said of the effects of the tide on the higher part of 
the bench, where far from prodticjug a greater wrinkliiig of the 
boltfUiiH Uie increa^ of lU speed, fnving lo tlte great inclination of 
the beach, eaivses a general kvding- 

III order lo explain this apparent contradktion, and find tluj 
fkjlution of the enigma, which of the two factors is it ticeessBry to 
ct>nsider, Hie inef|ua!ities of the two slopes, or the difference between 
the d3'na£[iic effects of n breaking wave iiiid those of a regular cur¬ 
rent! It is> in fact, neither the ono nor the other* They ore of no 
importanee, All resi'arch in this direction leads to nothing. Here 
again is an ImpasiH) to be avoided. The solution of the problem i.tf 
to be sought elsewhere* In order to dkoover it without further 
delay, we miiFit transfer ourselves to a point on the aliore where the 
ripple marks alwuyR, ur iiearly always, form; that k, to the line of 
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jnnctioii of the upper aDil the lower beacli- This line of dennirkrttion, 
i;ometiini- 2 i^ seJircely vi^blet is rcmArknhly clear m the ui^eoinptinyiDg 
illustration (fig. 8)* 

Exnmine thb photogiivjjb t^losely and what do we see? A higher 
bearfi which is perfet’lly snioc^tht a lower l>riieli^ ainiost Iiori»!Udult 
etjimlly leveled otf by the sea tliat J^as witUdriiwn from il, Iktwi?en 
the t%vo, at the base of the upper slope, ore two small pcnila (jiiite 
distiiictiy iinitcd, of which the bottom in €our?« of Ijecoming <liy is 
covered w'ltli ri]>ple marks, Wby are these ridges formed there and 
not higher up or farlher out i 

l^et us piiDsue our esiuumilioii, concentnitii^g our ettentioii on the 
nearer ilepression the details of which are the more dis^tincL in the 
widest part of this pool tlio ridges are amirigiul paraHel with the 
i^hojxv blit lit its estremitic?i, situated in tlic nearest foregiound^ it is 
seen that these lin«i of ridges are directed tow’ard tbo sea, diminish¬ 
ing in nuuiher, losing their regularity, and finally mingling together 
and iieiiig drawn out into a little streatnkt which grndualiy disap¬ 
pears. If vve could study the otlier puol as readlW, we should dL^- 
cover an absolutely similar disposiiion of the ripple marks at the 
bottom of iu It also terminate^ in a lilL The two together seen 
from farther off and higher up from the top of tljc diffs 1 fig- 
present with perfect symmetry the appearance of a pair of French 
miistadics with long ends drawn down equally. 

What has gone on here? It should not be kuagmed that liiero- 
glyplucs are more easy to deciphor Uiaii these mark£» traced on the 
sand. Wherever the strand was so flat that tlic water could flow 
normally from the cliffs and toward the sea, the sandy grains, what¬ 
ever might bo the mmmei' in which thoy were propelled, strike brkkly 
against the waves, or the natural impulse of the tide- iniatever the 
incliziation of the area on w'liich they roU (m other words, whether 
on the lower beach as on tlie higlier beach, as one can verify from the 
foregoing photograph), they are deposited in a uniform layer- They 
ran not follow the same toiirse in a doubJe depre^ion. Those which 
\\i first, when the sea strikes the plain fur from the foot of the cliffs, 
had nut the kast importanco end hy aequiring one a litlic before the 
receding tide completely abandons them. .Vt I his nioment the layers 
of water which sweep the depieasion from ado to side, risi* swifily 
to w cerrairi height on the alopo of tlie tipper beodi, hut in reluming 
all the water can not again avoid the constantly groivkig olistack 
which extends across its route on tlic progrct^ively exposed plane 
of the lower beach- At the surface a part of this water still 
but the greater portion, diverted hy tlie knob of sand toward the 
middle of the pool, accumulates there seeldng its level of ctpiilibrium. 
and in order to find it flows out in a wavy course lo the rlgiit and 
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left toTiTard the two exlremities, irhere, with the aid of the laat wav^, 
H divjclKi into a double filream crentmg^ in -con^tienoe^ two 
<!tirrcnts running in opposite directions parallel to tlie fiJjiore^ 

One learns from this the manner In which b forme^L at Lliia point, 
the deposit of sand gmiiis carried by these emrents running at 
right angles with the current of tho tide^ which brings them from 
the upper 1>ea^h. M^-Jcting in the pool water that poi^ae^^ little 
force they lose their speed and are depfxdtedp But, whilo tliey are 
falling to the bottom, the transiTrse current intervenea, turns them 
aside and arranges parallel with the shore thb unstable^ changeable 
mnai, which is in course of forznatlori rather than formed^ and con¬ 
sists of these e^andy particles, for the most pari still suspended in 
the water, 

ITius appear the parallel lines of ripple itiarkB ivhich reveal hy 
their direction that of the secondary curren'^t tmd by their tmdnla' 
tions the ^riieniinc windings which are impresssed on them by die 
vertical cwieillations of I he wav€^ Though very distinct where the 
diTcrgein^e of the two lin^ of currents from an angle of 90^* 
the ripple marka lose little by little their rogukrity at a distanL-c, 
and in the same measure as tiie forces in operation become weakened* 
They end by disappearing altogether in the dn&lb where the trafta- 
verso current, deSnifcely deflected toward the (*at loses itself m the 
current of the tide. 

Thus is this phenomenon very simply explained^ Tn every part 
of I he lower Iteacli where a current runs more or less nearly at right 
anglas with tlie normal currant of the ebb^ their combined effects 
iniscrilje them^^clveg in ripple marks on the sand. 

IVe arrived at this conclusion on noting the appearance which 
the ripple marks pr^nt when they have acquir^ Ibeir definite 
form. More convincing than any argument i& the reproduction here 
given of a photograph showing these currenta, surprised while at 
work and depicted in the immobility of a hundredth of a second at 
the moment wheDj under their double action, litUe lines of shadow 
stamp npon the smooth surface of the sands the first outline of 
ripple marks. I sought for a long time to obtain this illtistmtion* 
and though a difficult ta^^ it waa finally secured. 

Let us suppose that at the moment of breaking on tlie shore, a 
wave happens to strike a rock preisenting a surface at an angle of 
about 45®, The wave, carried along by its own energy, washes 
thk surfater and then falling down and fumed aside by it, relreate 
to join the sea^ in an elliptical course (fig, 10). 

The sandy particles which it carries, as in the pool previowdy 
mentioned, are urged forward in two directionSj and 

the one perpendicular to and tho other parallel with the diore* 
Ripple marks Ghtitild be formed there* Thk ia confirmed by the 




Plate 5. 



Fia,9 ,—The Ppecedikq strip of B^ach Seen fhom a Greater Distaivce. 



Fi^l id.—Curve of Wave After Stfukiwo Hock. 








Repvrt, *^11 Fpij 


Plate 6. 


r 



Fhl 1 i.^insiT douaH OuruNc of Ripfle MarkSv 











EIPPLJB WABJtS^EFEV. 


SIS 

tiocompaDTinjf insL'^ntaDeous pliotogrupU (fig. ii), A wave hfl-s 
bruken under pnecjscJ}' tlicse conditions. One can dn^m still tlic 
contour of the fringu of foam that it .spreadii out on the beach. 
Being Thiolently ilirotni from left to right, it hiis already tibatidoiiiecl 
llie loft (lortioii. The obliquity of Ita coui^ b reTeakd, in port, 
at least, by Uie direction of the line of sbadon', which, at the right, 
marks the elevation which it fcirms on mingling with the succeeding 
wave, which letter at this point has not itiself undergone any devia¬ 
tion. T^Tiere iJie receding wave haa passed are diaplayed the fca- 
ttires of ripple marks. 

In geuend, as we have established in the bottom of our little 
pool at Pouldn, ripple marks arrange themselves paraUd with the 
line of the shore, under the predominating influence of the trans¬ 
verse current, which draws the sands toward the outlet. On the 
contrary, tlie direction of tlie ephemeral marks outlined here {fig. U) 
approach much more closely to a t»rpe“4icu]ar tlum to a parallel 
with this line. The reason of this difference is verv simple. Xt 
lies in the fact that this instantaneous photograph was taken on 
the upper beach. There only the action of the normal reflex cur¬ 
rent which levels the sand ordinarily exerts itself. It is owing to 
fl quite special circumstance that accidentally the effecL; of tile de¬ 
scending current were altered for a few seconds to a slight degreei 
The direction of the ridges formed cotpress the relation lietween the 
two forces which acted together at tlik place. 

But let us not make a point of this photographic document which 
was obtained with difficulty, and may doubtless appear msuffiejentLv 
clear and convincing, moreover, os the jurists say, “ Ttuth untta tetti* 
nuUvitt' and ns we have uot been able to obtain any other evidence of 
thb kind, we ihall content ourselves with arguments derived from 
ripple marks which, like those of Pouidu, have acquired their definite 
form. In whatever place one obsenes them there are such imuierous 
and harnionioue evidences in favor of our theory that they appear to 
tis irpefnt4jb]ff, 

VVe now present an illustration of tlirre conditions of the sand in 
the Bay of Somme (%, Ifl), The waters first descended vertically 
down the slope of the upper beach directly toward the apectator, then 
at a certain moment they ran obliquely to reach the rindet st the 
right, between the piles of the wharf, that should direct them toward 
the sea. The first slope, where ordinarily the action of the receding 
water alone eserte itself, is leveled, The less-inclined slope of the 
intermediate area, on the contra ly, is coveretl with ridges doe to a 
double action, the preponderating one of the transverse current and 
the diminished action of the normal current 

Again, tn figure 13, we have, seen from above, that marvelous whirl¬ 
pool of Trloiis, dominated by the clmteaii of Roche-Jagii and its 
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park Giving an pflec't nf ^badow one ran distinguiish in this Tiew 
nil the details of tbe relief of the ground* Yii^j are sigiiifieant. At 
the i^ame time that the descending tide washeii the elongated sand 
bnnk nt the middle of the river from above downward ivater runs I at* 
erully to Join it fioni the channel at the right and from a rivulet ftir* 
rowed in the mud iit the cntir^ of the ahore at the left Ripple 
marks iire formed at this place. 

lA't us now reiiirn to the great beach of Goiilven, repre^nted at 
the beginning of this article (%* 1J- If one introduces this vieiv lie- 
tween the following (Jig. 14) and that which we have given in figure 
5. the neeonipiLnying panoramic view (fig. 15) will Iw obtained. We 
see at the right the shore and the most distant jx^int of the bay dom¬ 
inated by a picturesMiue rocky mass called **The Cathedralat the 
leftj stretclied across the baj% a series of higli granite ledger which 
e?c£end above the water* The waters have receded and leveled the 
$Iopo of the sands acciimuiuted around these knobs. Biit directed in 
consc^|uenco toward the middle of the hay they hove been (ditiged;, in 
order to get out. to seek two lateral outlets. Tliey have taken the 
fltreotion of ^ F and " V'J' Do we not have here again, on an im¬ 
mense scale* our pool of roiildn, with it^^ two lateral outlets and it^ 
ridges pBmIle] with one another and with tbe shore? 

The similarity of the two illnritratious w ill be bcUer comprehended 
by t^ing agiiin to figure 1 and examining very ctosely (w ith a mag- 
nifying glass* one might any) the smallest detaibi of the landscape. 
The linea of ripplo marks are drawn out over a long distance^ but in 
reality they show at a number of points a lack of continuity. They 
appear to be cuinp<»>ed of bars w^hich follow one another iiTeguIarly* 
or do not stand in line at all. To stimmarize^ this immense field of 
undulations ruay lie dirided into an infinity of pools siruibr to that 
of Pouldn 0 nd of hanks much Jess important even than that of Trieus. 
They form si aiti^riiic. Thi» admirable design la effected by means of 
fragments and pieces, prxib and banks of sand in justaposition^ and 
fiepnrntc<l by n series of parallel rivulet^, wme still full of water and 
others already completely dry, just as shown in the first ill list rut ion, 
where one may see at the right ridges becnming progressively tie- 
formed IInJ losing themselves at Uie place when? the two generating 
currentB have taken a commoii direction 

The same f^peetarlc presents iLself w'ithin the bay as nt its mouth. 
Everi-ifrliere^ from w hatever point we take up the question^ we always 
arrive at the same condusion. AU the^ marks (with certain excep¬ 
tions due to tJie movements of the ground, whicln if we stop to study 
ihemt witnef^^ in favor of our theory) in their entirety are directed 
paralle! to the shore toward a rapid creek forme<l on the right side 
of the hay by the retreat of the water ^vhich tlie psea every day carries 




PlaT^ 7 



Fli la.-Afi EVBW OF THt TflcEl^K- 



FlO. 14v-^ ACROSS THE B4T Qf GdULVEM. 










FiO, I B.—The Sav of GwjlveWh 



Fw. 16 ,—The 6*¥ OF Gomlveh. 







ElPPI.K MAHKfr —NUW 


SIS 

to Q marsh [tig. Itl) that on'upieSj la?twt»n PIcHitlfoiir-Trtz and 
tUo beiij of ihe baj% If our thwrj be cinrewt. owe ou^t 
from the existence and direetioTi of these riciges to ecjoclude that the 
waters of the ba}' do not retire in a direction |fieri>endiculiir to the 
l>ench, blit are divertetl more or Iissh tjbliqnely to it and toward this 
oiitkt. This b what I have always noted. One day espccinllvt when 
hidilrn in tJic thicket on a sandy bar of the swamp in pursuit of 
herons, T kilieii one of these birds. The tide was high and conse¬ 
quently close at hand, mid tlie bird fell into the water. As J hiul 
enteni, it wan impoA^ihlc to swim out in order to recover it, and 
I was obliged to abandon it. The tide being higli^ it floated past me 
in a tanf^izing numnen It was my first heron! W\mi the tide 
had receded a little, however^ the bird floated away quickly and 
obliquely toward the right in the direction of tlie creek, the outlet of 
all the waters o-f the hay. When it had arrived there it passed quickly 
outward and in a few' minutes was lost to sight. At the same time 
the existence of a trflasvcrse current combining its elTecIs with those 
of the ebb was rcvealctl to niCi the formal:Ion of ripple mark-s 
demonstrated, and their direction explained by the course whieh tlie 
bird had full owed, I bud lost tbe Hpeemum, but not my tlnie. 

One can undenitond also that ripple marks arc always found cn 
the bar of a river, like that of tlie Belon,, for example, wliicb is bare 
during the spring tides. The mass of water which tlowH down from 
the ravine, striking against an obstacle in its path, is forced lo tam 
liucrally to $eek towarcl the sdiorc an earner passage; on the ieft, the side 
of the bay of Kerfany, the retd channel of the Belon: at the 

right^ a suiall depression resulting from the washing out of the sands 
by the eddy in front of the rocks of the point of Eiec, 

We may now return to the furrow^^ in the dry sand of tlie dimes, 
or in the snow on the lUDUntain!;^ It wdLi be observed that, whatever 
tiic agency, air or water* the prmHfSs is always the same. The ripple 
marks am never formeil on tJie siirfaccn exposetJ to the full eurreni, 
but ahviiyH in llie gidliea, or on the side of j^lopes over which the cur¬ 
rent of air d^jccnd-i nbliqnely* Their direction irulicitteg the cutir^ 
of the current ifig. 17)* 

On the eontriiry, where no transverse current intenrenes ripple 
marks are lacking lu the places in which one might have exiwH'tcii to 
find them. t )ur angle of the beacli ot Fort Bloquf ^flg, fl) is without 
them, becuu-se the peninsula which serves as an embankment to the 
fort prevents the access of alt currents parallet with the shore, that 
of Conreati passing between the I^rient section of tlie mainland on 
ihe east, and the island of Grout. The ebb is produecHl Uiere nor¬ 
mally. The ripple marks appirar aokly at a point lower down and 
farther from the shorei uutaida the protected lione. Can it be ^aid 
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tlmt thfij" never foroi in the nn^et Kot at aU. t liave fieen them 
tiamedmefti but when a etfong wind from die 'wcfft forces the vrater to 
the right, pamlle] with the shore into the depressions of the cmbatik- 
ment. 

I coold multiply the ejtamples iadeHnitelyf acciimulutlng the evj- 
lienees, but ibis article would then be nothing more than an album of 
photiigrapliB, r shall not dwell on the evidennse further, considering 
sudiciently demonstrated a fact that anyone, f have failed to 
remove hLs doubt, cun easily conhrtn on any Ixacb, In conclitditig, 
I desire to return to two sccondarT points, but not umni port ant ones, 
which,after mentioning ineidentally, I put aside temporarily in order 
to drst settle the principal questions. The secondary questions relate 
not to the mode of funnation of ripple marks but to their location 
and the differences tiiot are observed In their dimensions in the vari¬ 
ous places in which they appear, 

Hippie marks, as I have observed, form only on the lower bcabii, 
and there again not hi nil places nor at all times. 1 will explain 
why none are seen in the photograph taken on the beach at Fon 
Bloqu^, To account for their absence in thi.s part of the bay of 
Goulven, shown m figure 6, which includes all portions of tlie ripple- 
mn.rk field, it is necessary to take notice of a factor that bus not as 
yet licea meriLiotied, This is the nut urn of the bottom. Here we 
encounter a layer of rniid and not of sand. It is not nwessary to 
seek for any other reaaiti wijy the ripple marks are absent They 
do not form on muddy bottoms. Such bottoms, which are verv 
compact hevause eonipoetd of very fine particles, oppose to the attack 
of the tide a resistance all the more effective os their surface is 
vbiiMua ttud gummy, The sea strikes them without finding more to 
lake hold upon than the wind finds on a surface of water protected 
by u film of nib A current may, however, if it bo very violent, 
leave some trace of its passage, but indistinct and of little Im¬ 
portance, III place nf ripplo marks one obse n-'t* that kind of choppy 
appeomnee, like the coagulations in a scmiclear soup, which one sees 
in figure *». It is of intoresi to compare the effects produced liy the 
same current Under exactly the same conditions in two places near 
IascoiuI, distant scarcely 300 meters from one another, in the one 
caea on mud {fig. hS) und in the second on sand (fig. 7). 

Between the mainland and tlie island of 01^^on the rapid cur- 
wilt of Maumuason produces on the roBrae sands from the pomt of 
Monson to (ha St. Trojan landing, ripple marks of enormous size 
in the fumsw-s of which on the days of the apring tide one spears 
turbot, plaice, torpedoes, and gurnards. But beyond this land- 
mg there Mtenrb an immense field of mud divided into separate 
masses in fmnl of St. Trojan, unfrequented and inacce^ible fmm 
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the httfUfn* this louality (tnd fltretcbing eli alonjE tlie inhijul mb far 
Orb, Le Clijitemi, md beyond. The layer of miKl. con-stantly 
iic{;iiiiiulatiTig by the accession of fragments of shell dertrod from 
the oyster bedsj iittuins o ihiclttiess of from (iO centimeters to l 
meter and tiioro- In figure 10 Is shorvn lying e^tposed to the sun at 
tow tide the surface of this desert of mud and die niurks which indi¬ 
cate die currents flowing from the Straits of ^^rautuusson a rid 
.iVntioche. It is impossible to rort^nize li trace of ripple marks tborc, 
although the place is scarcely SOO meters from the point of Jreiisori 
and its ripple marks, nnd is affected by Uie same current. 

Bipple marks, then, do not occur in pure mud- They are only 
formed on the sand, of whatever purity it mny be. Although very 
muddy, os esiieeially in the Rimc JoiTaUty. on the benches of An- 
goulins. the satida cover it very easily. The bank with ripple marks, 
which we have already noticed in Bretagne in the river Trieirt, was 
of a muddy sand, us is evidenced by the bright reflection of the sun¬ 
light on its surface. 

It may be asserted that thessa undulations arc nowliere so fine and 
sharp SIS wliere the currents find in suspension in the water which 
tliey propel enougit clay to cement the always crumbling sandy ma¬ 
terials of these ephemeral structures. If the sand hi very pure, Uie 
grains mil too easily on one another and are prcveutcd from coming 
to rest on the sides of the furrow. Such rid^ consequently ha it a 
wider bose and proportionately less height than rippte marks of a 
smaller size formed on bottoms that are slightly muddy, Tf f he sand 
is not only pure, hut of very large grains, such ns i.s encountered, for 
e^cample, at Penmark, at GuUrinnec, and at I.»angOK. or again scaith 
of Concarneau from the point of Jument to that of Tr^vignon, then 
the ripple marks arc formed with great difficulty. They occur hero 
only under the influence of very strong currents and attain in this 
case very remarkable dimensions. 

From this cimirastanee I im led to formulate the lost of the 
obsen'Btions that I shall present, to wjt, their dimensions are always 
in direct relation to the force of the currents that form them. If in 
the bnv of Goulven. after having taken the view Xo. 1, with the 
coast of Ploiiescat for the horizon Unp, I had made a half lum and 
had advanced 200 or SCO paces in a new direction toward Brignogan, 
I should linve photographed ripple marks twice the size of those 
shown in figure 1. It is in this place that the creek that sen es as 
the outlet of the marsh and bay posse? through, much increased in 
breadth and lacking depth, though still rapid. During the whole 
time of the ebb, the entire rtreiigth of the current bears on this point, 
and the ridges on the coarse sands transported there reach ujj excep¬ 
tional size. 
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In the manner may be e^^ptamcd the dimensicm^ of the tipple 
marks on the bar of the ^lon. By itself the Belon does not exist m 
a riTer. Close to its ruouih toward" Riee and MoiMant m tiie licinity 
of Guilly, it is— 

A ptnuill hrpok, »^3^n'^e^3r niJjJturiiiiE to flow. 

A tJairttr KiJtjit ilrinka It or at « hrcallL 

Bist between the two resisting ledges of granite the oeean hm ftir- 
rowed in ita direction landward a paHoage or fjordi at the outlet nf 
which* between the points of Riec and Kerfany, this brook in tlie 
ofjeo ^a takes on at the hour of tlie ebb the pi^portions and the force 
of an impetuous river* Its smmd is considerable, and the depth of 
the channels furrowed ui the sonda of the bar Tneasnres it^ power^, 
jijst as the size of the ripple msirks formed optxts^ite the point of 
Mensoa reveal the currents that Bow around the island of Ol^ron* 

To summarize, I ehult formulate the following coneliiHions: 

Ripple marks are due entirely to the action of water. 

2, They are never formed on the upper Ijeach nor on entirely 
muddy bottoms. 

Z* They appear on all ports of the lower beach* where^ on the 
sandy bottom, a tmtisverBo current eiits ucro^ the ncimial current of 
the ebb* 

4. They are aligned in the direction of the trailsvorae current. 
Their direciion, if they deviate, expresses the relation of the two 
f orce^i which are in action. 

5* Their dimensions are a fiuiciioii of the nature of the liottom, the 
size of the grains of sand, and the velocity of the winter. 


NOTKS ON THE GEOLOGICAL TITSTORY OF THE WAL¬ 
NUTS AND inCKORlES.* 


Bj' W, BEUtv. 

The JohHM Httpkiu* Vmtifiertitil, BalUmorf. Md. 


The walnut family (JiigloJitlflcefte), which in the inapiilar mind 
ia fully rounded out by the enumeration nf the walnut, butternut, 
hickory, and pignut, while relatively small, is by no meiina as limited 
as (hie might indicate. According to current interpretations there 
are 6 genera and ahoiiL 40 apedcs widely scattered throughout the 
warmer parts of the North Temperate Zone and penetrating some 
distance so nth of the Equator along the Andes in South America, and 
in the East Itulies, 

The Juglandaceac arc of considerable interest for a variety of 
reasons, chief among which, aside from their great eeonomie impor¬ 
tance, are their long line of ancestors reaching back some millions 
of years to the mid-Cretaceous, and the former wide range and 
abundance of these ancestors, which also serves to explain the curious 
geographical distribution of the still existing species. They are 
also interesting because of the much discussed question as to whether 
their nmrpholo^cal characlers shall lie interpretcti as primitive or as 
mere sunplideatjons of a more highly organized stock. 

Not all of the genera have adopted the same methods of seed 
dispersal and certain genera have kept the seed part of their fruits 
comparatively Email and light, thus ejisbliiig them to produce large 
tiumhers of seeds with the same expenditure of energy retjuired for 
a single walnut. B'urthermore, instead of depending altogether upon 
chutice for the dissemination of their latent progeny, the bracts which 
(ire normally present have developed enormously and serve as wingB. 
This is especially trtie in the genera Engel ft ardtia and OreontmTien 
and will be referrwl to on a subsequent page. 

The fruits unmistakably indicate the genem—those of the hickory 
bare smooth ahells and a busk which splits more or leisa, the walnuts 
and biittemuta have a very rugose surface and an entire husk, while 
EngflAfirdtii^ Oreornffit/HdOj and Pterocarga have small compound 
winged fruits. The leaves are always ctanpound, indicating a trop- 

* Rri^riutn} by pr-rmi^lati Iram TUp J'Unt 'iTorlil, S-a. 10, ntlpbcr. 101 i 
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icnl Aticeigtry^ us was first eaunciiited bj Griiwbtucb. Thc^' lujiy U* 
distinguished from those of the [tab by being uUemiUoly urrunged 
instead of opposite. There nre iiiiuieroiis other details which enubU- 
the student to distinguish bettreen titc Iruves of the different genera 
and species. It will be convenient to tuhe up each genus scparaiely 
and describe something of its present range and such portion of its 
geologic history as is knowm 

TIIK GENUS JlKJOtttA. 


The hickories are now iieferreil to tiie genua proposed 

by Ratinesque in 1308. although many systemalists, especially in the 
Old World, still use the name Carya proposed by \nttnll in 1818 and 
imiversally used until about SO years ago. 

The hickories occupy a unique ecoaomic position, for while the 
coDsiimptioii of this wocid is leas in quantity tlian that of some of the 
Ollier hardwoods such as white oak or yellow poplar, or of various 
coniferous trees like the cypress, or the pines, it shares with the 
black walnut the distinction of being the most costly American wood. 
Hickory, while not retnarkablo for beauty of color or of grain, wilj 
probably be the most difficult wood to rcplaoe w hen the approaching 
ahortagp becomes more acute, since it combines weight, hardnisss, 
Etiffncsi. atrength, and toughness to a degree iinequalcd iimong com¬ 
mercial woods. The Forest Sen-ice estimates that the consnmption 
of hickorv' for lumber, spokes, tool handles, rims, shafts, sucker rods, 
etc., amounted to 450,000,000 board feet dtiring IflOS, e.’schmi'o of 
the large amount used as fuel, eatimated at about 1,000,000 cords— 
for hickory is also the best American fuel wood. 

Tlie genus Z7rco«a is entirely confined to yorth America in the 


existing flora, more particularly to the eastern United States, 
althoiigli there is an indigenous species in Nfexico {Iltt'cHa mrjt/- 
comi), and three or four other species reach their northern limit of 
growth beyond .the Great taikcs in eastern Cnanda. 

The existing species number from 3 to 15, acoording to the rank 
assigned to the varieties of tlie 8 or D easUy distinguished and main 
tj-pcs. They fall naturally into two groiips^he true hickories and 
the pecan hickoriesn-groups which were already clearly defined in 
preglacijil Plioceae limes- 

The true hickories are fine, slow growing trees of in geueml tem¬ 
perate dry soils with hard strong wood. The buds are full, with 
overlapping scales, and the nuts are generally thick shelled and 
thick husked, while the leaflets are from three to nine in number. 
The pecan hickories are trees which require warmth and moisture 
and possess rektively weak wood. The buds are thin and narrow 
without overlappii^ scales md the nuts liai-e thin shells and thin 
husks while the leaflets are numerous, slender, and falcate. 
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Over a ^jcore of fosdl spe^iies have bwn described* tTnlike the 
w&lnut the hickory is not Jmriwii with certainty fpom the Cr&- 
taceou^d. but it k present in very early Eocene deposits in Wyoming 
and on the Pacific coast. HicfcorieH occur in the upper Eocene of 



Central Europe and there is a fine large leafed species from deposits 
of this age at Kukak Bay, Alaska. The Oligocene c^ceurrencijs 
are targely referred to vetitrico^a which is abundantly 

represented by leaves and fruit in the OUgocetie browneoal deposits 

44g)33*^ii 1013—21 
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tif Europe, The IiiU? ^riocene ftp]:ieor 9 to have been the perji>d o( 
widest extent of the IiicboHes- From deposits of this age about 
a dozen speeics are knuwiL Tret?s were scattered all over Europe 
nnd the genus extended to Iceland* Greenland* and Spitsbergen. 
In North America there were species in Oregon and California, in 
Colorado and in Vermont, A species very close to the existing pecan 
occuiv in the late Ntiocene tyf Kew Jersey* 

During the succeeding Pliocene period the hickories aiij as abund¬ 
ant and vigorous an in the late llioceiie in Europe Although their 
northern limit appeai-s to liave lax^ome somewhat restricted. Even 
as late as tlic Upper Pliocene several species of hickory are abundant 
in Italy and Gettnany, but none .niirvived the ice age on that con¬ 
tinent. 

A species resembling the pecan is represented by both leaves and 
nuts in a late Pliocene lagooii deposit in southern Alabnma. In 
Amerif.'tt there are nimerous Pleistocene records, the leaves being 
preserved in the clay deposits of the river terraces and the fnijts 
in the buried swamp dcposiLs* Tltc following still existing species 
lire recorded fttim the Pkisitocene of thin coiuttry; Hic&rm paean 
from the old SILasksippi bluHs at Colurtibu!?, Ejp ; Hie^rra u?&a from 
a cave in Pcnnaylvnnia, and from the inlerglacitil beds nt^r Toi-onCo^ 
Canada; Uit^rin a^ptafica from XortJi Carolina; Ilhoria from 

Pennsylvania, Maryland, and North Carolina j i/fcorifl from 

Alabama; and from Pennsylvania, llAvyland, Vir¬ 

ginia, and North Carolina. 

The accompanying map [fig. 1) shows the area ocenpied by the 
existing spetdes iti solid black and the known Tertiary range by ver¬ 
tical lining. It scenes probable that the genus spread eastward over 
Arim but the latter continent haR been so 111 tie explored that no 
reccjrds an? known. 

indie the Ice Age esterminntiHJ the hickories from Eurasiia^ the 
getiUB stindved safely in North America and i^ in no danger of 
extermination except by the ax of the woodman. Their great toler¬ 
ance of shade and their ability to resixuid to the stlmnlna o-f Inciieascd 
light, rombined with their longevity* are important factors m their 
coniiniiecl existence, llliile the rodents consuiiie many of the fniibi, 
they have prolmhly done go during the whole histovy' of the genus* 
for nuts gnawed by squirrels are not infrequent in Pleistocene depos¬ 
its- This IS not on iinmixed evil, for various rodentnot only dis¬ 
tribute the species but bury the nuts iii forgotten places, where they 
are aliutmi sure to grow. Before the advent of the ^^eivilisetl as 
many venenible iJd giant hickories were pattered through our *\jncr- 
ican forestfi and there are niimcraus records of immense trunks show¬ 
ing 350 or more animal rings. 
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THU <JliSTS JfOL.lN’S, 

Tho name Juglata is a contriicdon of JovU glana, or nut of Jupi¬ 
ter. and the specific name of the species known to the ancient Greeks 
unci Itomans is tcgia^ or rorai, and is fittingly upplied to jlie mag¬ 
nificent tive which has been so commonly planted throughout tlic 
Old 'World lor so many centuries. Nuts ai¥ found under the Swiss; 
take dwelling of the Neolithic period. Our two custem American 
species are e<{ual]y royal trees. The bkek walnut, Juglam nigra 
Linnd, ranges from Maxelliisetts to southern Ontario, ^lintieaota, 
and eastern Kansas, and southward to Florida and Texas. Its rich 
edible fruit-^ are unsurpassed among nuts and the handsome dark 
wood has made it a favorite wherever furniture is manufactured, 
and in consequence the tree is becoming scarce. It makes a fine 
growfh when planted iihroad, and undoubtedly was a native of 
Europe in prcglarial time, as is shown by nuts preserved in the Plio¬ 
cene deposits of that eomiitry, which are indistinguishable frtim the 
existing species. The butternut or white walnut, Jttglam cincr^cf 
Linn^, yields a wood that is much inferior b) the black walnut, but 
its fruit is equally attractive. It nmges somewhat farther to the 
nortliward and not so far to the southward us the black walnut, beiug 
found from New Brunswick and Ontario to North Dakota and south- 
W'ard to Delaware, In the Alleghantan region it exteneb southw.'ird 
to Georgia anil northeastern Missiai-ippi and it Is also found in 
.\rkansas. It Is distinctly not a coastal-plain species. Like the black 
w'alnut, it is very closely allied to certain prcgiacial Eurt^pean forma. 
There are several otlier American si)ecies w'ith n mure limited range. 
They are all trees, and include a Jamaieuu form and one or two 
Alweies found in the Andes of Bolivia. ,V species of northern Mex¬ 
ico, J iigfatut rapt’^triii Engelmann, extendi; into Arixonn, New Alexico, 
and the Rio (jrande part of Texas, and there is a single species. Jttg- 
iitng califernk-a Watson, along the Pacific const in CaUfomia. The 
range of the latter b limited and its seedlings are scarce, the nuta 
being largely consumed by rodentis. There is also a speciea of walnut 
fui the opposite shore of the Pacific in Manchuria. 

Tho genus duglans is apparently one of the earliest of the still- 
existing dicotyledonous genera to appear in the ffesll recorel. leaves 
suggesting it having been found iu the middle Cretaceous. It is well 
represented in fossil flora from the base of the Upper Cretaceous to 
the present, the former horbfon furnishing at least seven species, one 
of which, Juglam arrtira ITeer, ranges from Greenland to Alabama 
along the Atlantic coast and funiishes a striking illustration of the 
difference between Cretaceous and present-day diniatesi. 

There are about 25 Eocene species of walnut well distributed over 
the Northern Hemisphere, They extend from the Mexican Gulf 
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region to AJaskn and GrcenlEEd in Korth America and ftotii SHghaUn 
Iglandf aS the east coaist of to wdstern Euri^pe in the Old 

World. 

The OligocciH? walnuu nci? not quite so pleiitifni m are those of tho 
EiH:tiic and arc almost entirely confined lo the Old World. This h 
undmittedly an expreesrioii of the incompletentws of the geological 
record in North America^ since there are practieaUy no known Oligo- 
cene plant beds in this country^ 

The Miocene has furnhdied upwards of two score species, the 
majority of which are Old AVotld forms, distributed from Japan to 
western Europe. This again is due more to lack of records in 
jVmerica than to the at> 3 ence of the genus. Tn thisi country nuts are 
presen'od in the curiously isolated lignite deposit near Brandon^ Yt.^ 
There are species in Idaho^ severn! in Ca!ifnm.iti and Oregon* and 
foiir in Colorado in the late Miocene at Flori^^ant. Botli fruit and 
leavt^ arc frequenlly found asscN?iatefl in the rarions Tertiary de¬ 
posits itnd nuts also occur with the leaves in some of the Cretaceous 
deposits. 

The Pliocene species are also numerous, a number of tlieiii suri^iv- 
ing from Miocene limes. Tn all. about 25 forms have been recorded 
from the Pliocene deposits, and several of these ure very close^ if not 
identical I with still-existing spccjcsi Fixjm Uie Upper Pliocene of 
(jcrmauy nuts have l)een ooUected in the lignite deposits which are 
exactly like thos^ of the existing American species mffva and 

Judltmn ci7her£&~ 

Walnuts lire not <'nmiiion in Pleistocene dope®its but the fruit of 
Linm^ is recoreled from the Pleistcjcene of southern 
France, and our own black walnut, Jufflam ni^ra Linn6. has been 
found in the late Pleistocene of ilnryhind and in the Pleistocene 
river terraces uf Alihaima. Both of these occurrences? are based upon 
the characteristic nuts preserved in the impure peat of buried swamp 
depositsL 

The walnut of Europe* Julians regia Linn^^ while extensively 
planted in soutlicm Europe as well as throughout the Orient, is only 
endemic in Greece^ and eastward through Asia Minor, Tninacau- 
cosia, the north western Ilimakyan region, and in northern Burra a 

In recent geologicjil times its r?inge lias prolMthly l>ecome greatly 
restricted* since the oldest krmwri oc<mrrcnce of forms identioml with 
the modern tree are in the latest ^lioceno deposits of rentral France* 
A considerable muiibcr of occurrences have been recorded from the 
Pliocene deposits of ihis region, and the central platoau of France 
was evidently clothed with a considernbk stand of walnut in pre- 
glacial timei^ During the Plektccene this specif k known from a 

^*‘«**- ,* b? 

» roMtU; tltQ In %hw D<vufiti,Lii» I»r DnrUvtra CliiM ui| Jiip*ii. 
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number of localities in northern Italvt in HnnOTer, and in southern 
Fmnce (Provence), vhile the nuts found ngaoeiated with the Swiss 
lake dwellings were undoubtedly obtained from wild trees of the 
immodiiite neighliorhood. 



n 

SI 

II 

a 


It 

& p 


If 

® I 

U « 

a * 

i: 

■ S 

p 3 

it 

s ^ 

k d 


The manner in which the fossils enable us to obtain a vista into 
the life of bygone days is furnished by recent discorerira in the 
l!^gyptian desert. At a time (latest Eocene or earliest OUgocene) 
when Libya was separated from Europe and Asia by a vast Mediter- 
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rMiean Lbe Fayum was a delta with A heavy raii^fAll (o^ shown 
by the flora clothed with forests of ftti Indomalayan typo and in- 
imbited by ancestral elophunts and other curious forms of iincietit 
animal life, Xo than rigHt kinds of figs* AS well as laurels and 
ramphor trees, have been described from ihis now arid and desiiTiited 
region. Among these fossil plants are the remains of a species of 
walnut, a iiftriking eomnientair on tlie changes which have since 
taken place, 

I have attempted to give a graph ie summarr of the present and 
piijst range of the walnuts on the accompanying sketch map (%- si), 
wliere the areas of distribution of the exiting species (somewhat 
exaggerated) are shown in solid black. It is possible that the part 
of the range of in southern Asia should be extended 

eaalward over Tibetj through northern China to Japan- All of the 
known fossil <hccitrrences of walnut^ have l>ecn plotted ond are in¬ 
closed within the vertically lined area. Probably the boundary of 
(he southward extension of the genus should be extende^h nt least 
sufhckntly far to Inctude the South American existing species. It 
is readily apparent from this map that the modern segregated species 
are Isolated remnnnts of a once world-wide distribution and that the 
glacial epoch was an unimportant incident in their history on the 
Xorth American continent^ wdiDe in Europe it greatly restricted the 
range of Juglans frgia and altogether exterminated one or tvvo addi- 
tlonnl species of the walnut, 

THE GENC^^ EXGELILLRDTIjL 

Tlie genus Enffelkardfta waa deacribetl by Leseben in 1B25 and con- 
rairts al^ut 10 s[>ccic3^ of the southeastern Asiatic area. These range 
from the northwestern Himulflyan region, where they extend a short 
distance north of tJie Tropic of Cttncer through farther India and 
liurrna to Java and the Philippines. Tlie pistillate flow'ers are small 
and are grouped in paniculate Kpikes. They develop into small 
drupe-like fruits, each of which is connate at the base to a large 
expanded trialate involucre* 

A single little-known specieB, rarely represented in even the larger 
herbaria, occurs in Central j^Lmerica and is the ty[ie and only species 
of the genus Orc0T7m7i7i€a of Oersted, This is much more restricted 
in its range than are its kin beyond the Pacific, Oreamunma is 
very close to EngelhutilHaf and for I he purposes of the paleobotanist 
the two may be consideml as identical, since they represent the hut 
slightly modified descendants of a common ancestry' which was of 
cugmopolitan distribution during the early Tertiary, The present 
isolation of funiLshes a striking illustration of the 

enormous changea which ha%"e taken place in the flora of the world 
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in the relatively short timej geologically speaking, that has elapsed 
Hince the dawn of the Tertiaty, 

The prineiple Inis fmjiifintly been enunciated that when closely 
rclatcil fonns nre fmind in the existing flora of the world, restricted 
in range and isolated from their nearest relatives, or when other 
existing genera are monotypie, it is quite safe to predict an inter¬ 
esting and extending genlogleal history. Eftgdhardtta. proves to he 
another illustration of this principle, for its peculiar thi-ee-winged 
fruits Lave been known in the fossil stote for nlraost a century. 
They were long unrecogiiissed, however, and the earlier students who 
(iest-ribed them compared them with Lite somewhnt similar winged 
fruits of the genus CurfUnm (Betnlaceae). With the hotanicni ex¬ 
ploration of distant lands in the early part of the nineteenth cen- 



Fiq, i^KniKihor^tta miittitwlpuitiitit tlrfrr. f«im tlie Imrer 
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speciniens of began to he rcpr^ented in the larger 

European herbaria, and Baron Ettingshaiisen, that most sagacious 
of paleobotanists, ss long ago as ISol ^winted out that wrtain sup¬ 
posed species of Carpmutt were really fruits of Engelhardtia, He 
returned to the subject in 16 o 6 without, however, actually changing 
the names of any of the supposed species of nor does he 

to have been aware of the existence of n living species of Engel¬ 
hard tia. {Oreomunnea) in Central America. 

Since Ettingshnusen's announocment ti dosen or more fc^il species 
have been described. Tlie oldest known European form occurs in 
the upper Eocene or lower Oligocone fLigurien) of France, and the 
fpociea become increasingly abundant throughout southern Europe 
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toward the close of the OItgocene and tbo dawn of the 
Miocene. Seporta stating that the slabs from the leaf beds at Armis- 
fion in southenstem France ore tliicklj strewn with their peculiar 
fruits. Fossil forms continue la Europe throughout the Afiooene 
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and Pliocene, and specimens of late Miocene or early Pliocene age 
are recorded from Spain, Fmnca, Italy, Croatia, and Htingary. 

The only described species from America occurs somewhat earlier 
than any of the European forms, Iieing found in the lower Eocene 
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OVilcox grou|)) of nflrtherij Mi^L'^ppi, The type figurt of thin 
form is reproduced in figure 3, This b uot the only known species 
from America^ however, as fossil leaves of this or otlter species occur 
flt the same hor^on* and an additional species with situilltH' fruits 
has recently been dLscoveml by the writer in the middle Eocene 
(Cl^kiborne group) of sontheni Arkansas. 

The uceompanying sketch map {fig, 4) show^s the esibtmg urea of 
dislrihution of the gentis Engelhardtia in tlie Orient and Orc&nwn- 
fi4^a iti the Occident in solid black. These areas are tioinewhaf. gener¬ 
alized and exaggenitcd in order to Ije visible on so small i* i^cale map. 

The areas where Tertiar}" species of EfH;dhardtia have been found 
are covered by iiorii^onUl Lining, und while not as extensive ag might 
be dcriredp Indicate very clearly what was stated a few paragraphs 
back, that fornis closoly allied to the modem Enfjdhiirdtia were 
widespread during the Tertiarv^ perifal when the more extensivo 
warm climate enabled them to i>enetrate more than lialf wuy across 
the Xorth Temperate Zone. It seems probahle that they also pushed 
soutliWfird into the South Temperate Zone^ but ^ve can not verify nor 
disprove this theory since pnictically no fossil plnnt^ of Tertiiiry age 
have licen discovered in South America^ Africa^ or Australm. 
Anoiher probability is that careful exploration will disclose tlic living 
representatives of Lhh? widespread Tertiarj' stock in western Brazil, 
especially tis they Imve sunived in Central America north of the 
Efpjator* 

In a general way Eng€lhaj^dlia fruits are not unlike tho^ of 
C^arpitiifs. There seems to be little orcunioii for confiLsion, liowever, 
even in poorly preserved fossil innteriaL 'Fhe fruit proper is de¬ 
cidedly difTerenl. althoiigli this Ls seldom well enough preserved in 
fossils to be decisive. Tlie involucre is also markedly different in the 
two genera. Carpmujt involucres ai*o usttally smaller, with the me¬ 
dio n wing much wider and longer than the lateral wings and with 
somewhat different venation. 

The margins are also toothed, while in Enffelhardiia. they ar^^ 
always entire^ I have examined fruits of all the existing species of 
CarpmtiJs and e^xpcrience no diiliculty in readily distinguishing them 
from those of the American species of the former being 

especially different in appearance from rhose of Engelh^rddif, I 
have gten involucre:^ of the Old World Uarpinm bduhia from trees 
cultivated in this country in which the wings liad entire or nearly 
entire margins, but the aspect of the specimens m ii whole, becaiLse 
of their different proportions and venation, was? markedly unlike 
hn^dAanltin,, and if they had l»een found ns fosniJs no competent 
palenbolanist would have l»ftm at n loss rt^irding their boianical 
iifliijity for a single instant. 
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THB GESra I*TEUOCARYA. 

The genus PftToeartja was described by Kuntb in 1824. It is made 
up of tliree or four species with veiy rircuinitcribcd ranges. The 
ty|K‘ Pter9carya eaucentktt A. Meyer {P. freariiufotia Spiith.) ut 
present is con^ned to u limited nreii in traos-flaucasus, while unuliicr 
species occurs in northern China and one or tiro in Japan, as shown 
in a greatly exaggerated way in the solid black ureas on figure 4, 

The determination of the fossil stxK'ics from their leaves is beset 
with difliculties, but tUr fniits are perfectly charaderbitic and have 
been found in a number of instances. 

The oldest known fossil species is recorded from the Tei'tiftry of 
Colorado, and wlille the American material that can. be referred to 
tins genus is not abundant at any period fUe genus undoubteiily 
occurred on this continent during the later Tertiary. One record is 
from deposits as Inte as the earli' Pleistocene, but thbi is not- based 
iiljoii positively iclcntiftLil material. 

Ill Europe the records of commence widi tho Oli- 

gocene. The Tertiary sjKcies ore niimemus and widespread, the 
nbimdant P/crocBjya dtnlicuJ^ila Ilcer lieing found from Bohemia 
and Transylvania through Germany, Swiisserland, and England 
iiurthwanl to western Greenland. This widespread sjjecics which 
continues unabated throughout tbe Pliocene period is thought to be 
tho direct ancestor of the existing Pieroearya cavcaitca. There ara 
at least five additional iEocene species. 

The Pliocene species are numerous and abutidant, ami arc found 
all over southern Eiiro|>e. licing especially common almig the elevated 
shores of the e.xtended IMeditermnean Sea, in the plateau region of 
central France, and in the Apennines of Ilalv, TJie still existing 
Pferorat-ya caufa^ica. makes its appealanea in the plateau region of 
rentral France at this time where it is represented by Iwth leaves and 
the characteristic fruits. It still grew in Jsetlierlands in the early 
Pleistocene, according to Dubois, but was apparently' exterminated 
during the glaeiel period. It Is also known from tlie Altai Ifountaina 
of Central Asia in deposits of this age. In tigure 4 tho known range 
of the fcK^l siKcUs is shtuvn by vertical lining. It seems obvious 
from the distributloti of the ancestral forms and the very circum¬ 
scribed ninge of the few Living descendants tiint the genus ts ap¬ 
proaching extinction, 

THE OENl -W PbATVC.ABYA. 

The genus Piatycatya was characterized by Sielmld and Zuccarini. 
whohnie descried so many oHcntsl plants. It is a monotypiegenus^ 
that is to say, it contains n single existing species, which was the 
basis of the genus Forfnmwo of Lindley. This single species is a 
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small tree o£ Japan a ad aortbem China, and its range is roughly 
t^hown on the accompanying map (fig- 4) in solid black. Monotjpie 
genera usually have a very interesting geological histoiy, as* for 
example, Saamfrm^ Cinkgo^ and mmy others. HoTtfever, 

no fossil remaitis of Phigearga have been discovered, and this is 
probably due to the fact that the vast continent of Asm k practically 
unexplored. 

CONCI.USIOX. 

Forestry' experts warn us that commercial hickory is growing 
scarce, jmd. as the black walnut is already scarce. Aside from our 
enjoyment of their fruits and the very special practical ends whidt 
the wood fulfills we should not forget the sentimcnl which attaches 
to a family of such magnifioent trees, a family with an ancestry, as 
wo have just seen^ extending back milllDiis of years to a far-off time 
when the dominant animal population of the globe was the uncouth 
reptiles of the Cretaceous* a time when the evolution of the mam¬ 
malia had not }^et been wrought out, and when man was m far-distani 
promise, not even hinted at in the teeming life of that age. While 
we can never hope to bring back the primeval forests of our ance^r^ 
we con use the Intelligence which has been so slowly acquired through 
the ages in conserving these magnificent tree relics of bygone ages. 
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TIIK FOKAUTTOX OF LEAFMOLD. 


By FMEUFMIC& \\ 0»VtUU^ 


IVtujn the leaves of u tree fall to the gi-ounJ they begin to decay 
nnd ultimately they are disintcgnited and their sub^ance b^ome^ 
UKorporated with the otlier elements of the soiL The same thing 
happens witJi the leaves, stenis, and roots of herbaf^oua plants. 
Such organic matter is one of the eliirf sources of food for phint:^ 
and its presence in the soil k therefore of fundamental iiin>ortanuc 
in the maintenance of the vegetative mantle of the earth. 

Ill a aeries of espcrinientjB from 1900 to IBIO the speaker showed 
that a condition of acidity h n primaiy rei]uireiQent of the blue- 
berry (FacciWifJrt.)^ liiurcl {Kidmia tatif&lia);. itiiilmg XkTbuhi^ (Epi- 
lytftvi repemt)^ and other plants associated with them in natural dis¬ 
tribution. Other kinds of plants and plant associations rdioin^ on 
the contrary^ a neutral or alkaline ooil. 

It it? the purpose of the present address to sliow how the leaves of 
tm*H in the process of the formation of leaf mold prr^^Iuce at one 
time or under one set of circiint^iancea n condition of i?oi] acidity, at 
anoilier time or under other circumstances a condition of alkalinityT- 
and after calling attention to the aridity of the soil as a fimd&~ 
mental factor in plant ecology, to point out that a knowledge of 
certain phenomenn in the decay of leaves is essential to a correct 
understanding of the distribution of vegetation over the surface of 
the earth and its adaptation to the uses of man* 

In the early experiments with blueberries it had been found that 
these plants grew miccessfnUy in certain acid soils composed chiefly 
of partially rotted oak leaves. On the rather natural assumption 
that the more thorough the decomposition of thia material the more 
luxuriant would bo the growth of the hlueberry plants, some old oak 
leaf mold was secured for furtlier exp^eriments. Il: had Ijeen rotting 
for about five years and all evideooes of leaf structure bad disap¬ 
peared, It had became a black mellow vegetal mold. 

*■ Aedma or ta0 retlrtoE pivBld^nl. W^utittar^au Acadrtnr fif ptvHiitHl Al tbr 

BJLCIDAI m«iiikjr of tte aouJhtiu^ Jan. It, Iftll, Eppr!iu<4 ttitt mitbdx'* wtiUoa 
the JWikMJ of the WHAhlisitga ActdifPiy arf«C«, TOL 3^ pfi. 77 to F-rh, 4. laiE 
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Wlieri blueberry planUfi were pkced in mixtureir mntnming thbi 
mold tliey did not respond with liiisnrUnt growth. On tlie contrary 
their leaves turned purple and afterward yellowbh* their growth 
dwindled almost nothing* nmi at the end of the sea^n when nom^ 
pared with other bluebcity plants grown in a soil mixture in which 
the oak leaf mold waa replaced by only pait tally decomposed otik 
leaves the plants in the oak leafmokl were found to weigh only 
one-fifth vLs touch as the others- This astonishing result is exactly 
contrary to the ordinary conception. We have been accustomed to 
believe that the more thoroughly decomposed the organic matter of 
a soil the more luxuriant its vegetation. In this case* howeverj 
thorough ileeomposition of the soil e*\ceodingly injiirioos to the 
platita* 

This remaikahle differenee in effect between partially decomposed 
and thoroughly decomposed oak leaves was found to he corralateil 
with n difference in the cheniical reaction of the two materials, the 
partially decomposed oak leaves being acid, when te$tcd with phe- 
nolphthalein^ and the oak lemfmold alkaline. 

With ruse eiittings and alfalfa seedlings in the same tw*o soils 
exactly opposite results followed^ those in the oak leaffiiold making 
a luxuriant growth* dio$o in the partially decosuposeii oak leaves 
showing every sign of starvation* 

Eveiy Imtnnisi is familiar with the rich woods where triIlium, 
spring beniity mertcnsia* and blood mot {Smi^mnurrn 

delight In grow, in n black mellow mold made up chiefiy 
of rotted leaves*. He is fainiliarj too* with the sandy pine and oak 
woods where grow huckleheTTics laurel {Kfilmla fofi' 

folia)^ princess pine {Chiirmp^St/r)^ the pink lady's slipper {Or/p- 
rfpedititH armde)* and trailing arbutus Ttie soil 

here Is made np nhiefly of rotting nnd rwts. Yet one doe* 
not look for trilliums in laurel thickets, or for arbutus among th^ 
blood mots* Eitlwr habitat is utterly repugnant tn the plants of the 
otiser* 

Tests of the two habitats show that the irillium soil is alkaline* 
the other acid* reactions corresponding exactly to th^o^ obtferved in 
the cultural experiments already dcrcrihcdp rb?c eiiltings and alfiilfa 
requiring nn alkaline soil, blueberries an acid soil. The difference 
is B_s conspicuous in nature as in the laboratory and the greenhouse. 

What are the mnditionH under whkh rotting leaves develop these 
opposite chemical reactions? 

In a rflA-ine in the Arlington National Cemetery, near Washington, 
where the autumn leaf fall from nn oak grove has been dumped 
year after year for many years, every gtago in the decomposition of 
Oiik leaves may be observed, from the first softening of the dry 
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brown leaf by ruiD to the black mellow leafinold in which all traces 
of leaf lit ruct Lire have dimppeareA Wiien fnishly fiilkn the leaves 
tihowO.4 norma! acidity ,^ liiosenot familiar with the chemical expres¬ 
sion “ normal acidity ■■ may perhaps most readily understand the term 
by i-efemice to orcliiiBry lcm<izi which Inis very nearly normal 

acidity in the- chemical sense^ Fresh oak leaves may Ijc conceived 
Ehereforo as liavin^ about oiie-thinl the acidity of lemon juLeo, grain 
to cubic ctmtkneter. From a soil standpoint such a degree of acidity 
i? excectlingly liiglv Probably no tree or flowering plant could Uvo 
if ita roots were imbedded in a ^il ua acid as this. A cornici ap¬ 
preciation of the exeessiVG ftcidity of freshly fallen leavc^^ emihicfi 
one to uiidei^tand why it is that the leaves of our lawn LreeSr if 
pllowed to lie and leach upon the grass, either injure or de^^troy iL 
On such neglccied Inwn^ the turf grows thin, mossy^ and stnn*ed. 

From the height of their initial acidity It is a long descending 
course through the various stages of leaf decompe^tiou to the point 
of chemical ncutrnlityf and then upivard a lesser distance on the 
hill of alkalinity, in tlio black Icafmold stage. 

Ill order to ascertain the rate of decomposition In leaves of various 
kinds, observations >vere begun in the antuum of iWn on Iea%"cs of 
silver maple (.Itw xaeckarinum)^ sugar maple (Acer ifOcrAnrum), 
rcfl oak (Qt^ercm and scrub pine {PtfUM ex¬ 

posed to the weather in barrels and in concrete pits. In one experi¬ 
ment a mass of trodden silver Diupie leaves 2 feet in deptii. w^ith an 
initial acidity of nonnal, was reduceii in a single year to u ^J-inch 
layer of black mold containing only a few fragmenLi of leaf skeletons 
and giving an alkaline reaction^ In the&e exjserimejits nugar maple 
leaves have sliown u slower rale of decompo^Hition than tlici^te of silver 
maplCn, while red oak Icavtss ."’till show an acidity of 0^0Ifl normal after 
three years of exposure, and leaves of Virginia pine an acidity of 
O.OfM normal under tho same conditions. 

The idkaliniiy of kafindlcl is due chiefly to the lime it contains* 
the lime content expressed in iemi^ of calcium oxid often reaching 
2 to 3 per cent of the dry weight. One i^m]de hud a lime content of 

per cent. IIany of the soils that result directly and exclusively 
from the decomposition of limestone have a louver percentage of lime 
than thiii. An alkaline Icafmold containing 2 to 3 per cent of lime is 
properly regarded as n highly coirareoii?^ soil. Yet such o deposit may 
be formcci iti a region where the underlying soil is distinctly non- 
ralcartouSj tlic lime content of the soil being only a small fraction 
of 1 per cent and tho soil reaction being acid. 

ftiii aclditjr bjr Mr* J+ F, Itirax^lU, tihemol phlluiletn uj^ 

M nn iQdIcmtDr, tb« c^rboa digxtd bATlaa b«^Bi nnt tilled oa. Far a tuTI 
of tlie f^llbwv^ i#« Cc^irUl«, lOlO. P- 2". EipirriiMpU In tilurbnrj vallate, llnl- 

I-pUp Upreap *t PlBul Ineli^vtrT, U. a DtperrifKnt «f AiOiniaimL 
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■'Vlience cocncs tlie abujitlArn* of lime in tui iilkaline, richly cal- 
tiitreiiiis leafmotd formed over a soil distingtiUhcd by «n actuaJ 
poverty of celcaneoiis matter 1 

If the leafmold is rich in lifne the leaves from vv'hich tt is derived 
i^hould mLco be rich in lime, A determination of tho amount of esU 
cium osid In the dried freslily fallen leoves of some of our well- 
known trees shows this to be true, as illustrated by the following 
selections: ‘ 
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These aualysea show that the anumnl of lime in the leavw of trees 
is often astonishingly large. 

It should be understood that the lime does not exiist in the leaf in 
the form of actual calcium raid. It is largely combined with the 
adds of the leaf and serves in part to ncuti-aliie them, but is insuffl- 
cieiiL in smount to elTect a complete neutmilzatioiL In all the kinds 
of leaves and herbage tlms far esammed the tiet result is an acid 
cmiditioD, although lime moy be present in large amount. Thus in 
the leaves of silver maple a condition of excessive acidity cjciate, 
about 0.0 normal, notwithstanding the prissence of nearly 2 per cent 
of lime. 

As the decomposition of such leaves prDgres.ses the acid sub- 
stance sre disorganized and largely dissipated In the form of gases 
and liquids, while the lime, being only slightly soinhle, remains with 
the residue of decompoaition, the block lenfmold. and renders it 
alkaline. 

In soihi poor In lime, trees and other plants constituting the vege¬ 
tative mantle of the earth may Iw regarded as machines for concent 
trating lime at tlie surface of the ground. TEiis lime Is drawn up by 
tlic roots in dijuto solution from lower depths, is concentrated iiv 
the foliage, and the concentrate is transferred to the ground by the 
fall and decomposition of the leaves. The proverbial agriciihoral 
fertility of tiie virg ia timberlands of our eountrj' was undoubtedly 
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due in largo part, to tho lime accumulated on the forest Boor the 
trees in prececling centuries, and to the consequent alknlinlty of such 
eurface soils when the timber had been removed and tho leaf litter 
was thorough It decomposed. After a generation or two of reckless 
removal of crops the surface acciimulatiou of lime was depleted and 
unless the underlying soil wa-s naturally eaji'areoiis a conditian of 
inicrtiJity ensued, which, for the purposes uf ordiniiiy agriculture, 
could he remedied only by the artidcbl application of lime, 

Tiie chief agents in the decay of leaves are undonbtedLy fungi nnd 
bacteria. There are other agencies, however, that contribute greatly 
to the rapid it j' of decay. Important among these are earthworms, 
larvte of flies and beetles, and myriapods or thousaji cl-legged wortm-. 
Animals of all these groups exist iit niyriada in the leaf litter, Thev 
wit the leaves, grind ihem, partially de(;oiD|jose them in the Jjrwesfl 
of digestion, and restore them again to the soil, well prepared for the 
fortlier decampoaing action of the mieroscopic organ isms of liecay. 
The imporlanti-e of earthworms in hastening the decay of vegetal 
matter was pointed out long agci by Darwin in his dnseical studies 
on that subject. Tlie uriport(iiu.'e iif my-rinpods, however, us i;ori- 
trib citing to the formation of lenfmolil has not been u deque tel v 
tveoguized. In the canyon of the Potomac: Rirer, above ll'asbingtoii, 
on tlie steeper forested talus slopes, especially those facing north¬ 
ward, the formation of alkaline Icafmold is in Bctii-e prt^ress. The 
[Hirer deposits an? found in [HH'kets among the rucks, w^here the leaf- 
mold is not ill contact with the mineral soil and does not liecome 
mixed with it. The slotx? directly opposite Plijiiimers Island is a 
good example of such localities. Here during all the warm montlis 
the fallen leaves of the mixed hardwood forest are occupied hv eiu 
army of myria[Hid5, the largest and most abundant being a species 
known os Sfnroboius marffinatitt. The ndiilts arc about 3 inches ui 
length and a quarter of an inch in diameter. They remain undor- 
neath the leaves in the detytime and emerge in great numbers at 
night. On one occasion a thousand weivi picked up by Mr. IL S. 
Barber on an area 10 by 100 feet, without dioturbiug the leuve.v. 
On another occasion an urea 4 by 20 feet yielded 320 of these tuvria- 
pods, the leaf Utter in this cose being carefully searched. Every¬ 
where ore cvidcncesi of die activity of theiie animals in the deposits 
of ground-up leaves and rotten wood. Careful measurements of the 
work of the animals in captivity show that the excrement of the 
adults amounts to about half a cubic centimeter each per dav. It is 
estimated on the basis of the moist weight of the material that these 
animals are contributing each year to the formation of leafmold at 
the rate of more than 2 tons per acre, 

^e decay of leaves is greatly accelerated also when the under¬ 
lying soil is calcareous and glkuline, it being iuiiuuioriul whether the 
im'4 - 2 ^ 
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lime is derived froiu a limcetone formation or ia a concimtrate of 
the vegetation. On the rich bottom-land i-^landfi of the upper Poto- 
mar the autumn leaf fall barelv lasts throup:h the follouing snmmer* 
^ rapid b its decay. Thi«?e bottom lands have an alkaline flora, and 
they are found to have an alkaline reaction, caused by the lime 
brought to them in the dumi waten?. 

Tlie acceleration of leaf decay by an o-lkaline snhstrattim b due to 
prompt neutral bat ion of the acid teachings of the leaves and also 
to the farfc that such a Miiljs^traiiini harbors with great cfEcienry many 
of the most aeiive orgatdams of decayfrom bacteria to carlbwormf^. 

It must not be understoorl that in a state of nature tlie decoin posh 
tion of leaves b always so simple anti nnifojTn a process iis has Iheea 
described, or that it tilwayk resnite in the fornmtion of an alkaline 
frafnuJtL The chief factors that contribute to the acceleration of 
leaf decay have already liecn enumerated* but there are other tr<indi- 
tioiis of nature that obstruct and retard this process. Under i.'crtain 
coiiditionji the progreft.^ of decoin t>osilion timy be pomianently sus¬ 
pended long before the alkaUne stage b; readied, The soiLn thus 
formed^ althongli higfi in humus like a true lenfmoUh have au acid 
reaction and a wholSv different flora. 

Exaniples of .mtrh suspensions of leaf decay are found in bogSk 
%chere the deposited vegetation b proteclijfl fr^un the organisms of 
decay by Biibmcrgem^e in nonalkatine water, and on uplands where 
the soil i.s derived from s^nd, sand stone, gruinle, or schist, which 
tliere is not enough lime or other basic material to neuiraliz;a tlie 
acidity of the decaying leaves. 

There is, of course, a supply of lime in the leaves themselveti, and 
as a new layer of leaves h added to the soil each year it might be 
eipectM that there would result an nnlimited I'oncentration of lime 
in the surface soil and that all surface soils that supported a growth 
of vegetation would nitimately Ijecomc alkciliiie. Such an indeSnite 
acmmnlntion of lime b prevented, however, by another factor w hich 
rerfuin^ considrratioiK Aa sckui as each successive layer of leaf 
litter is? sallidently decayed to permit the roots of plants to enter it 
und feed itpon it, the lime it contains, together with other miriernl 
oiiislituents, begins to be nbaorbed. Tbb of lime from the de¬ 
caying leaves is stifficient^ under many situations in nattire, to pre¬ 
vent the det'aying mass from reaching the alkaline Jitage* Dei-om- 
iwsitiou b smiipended while the leaf litter still add. True leaf- 
mold,, with nn alkaline reaction, is never fotitled under such condi¬ 
tions. Tlic lenf deposit remains permanently acid and such areas 
l>eaF an acid flora. In the ridnity of Washington one often hills 
of quarts graveh wind swept and rain washed, where the soil con* 
tallied little lime in the beginning and none could be brought by 
flood w’sitpr?^ or by the dust of the atmosphere. ChMraderi.=itic piani^ 
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<if such hill^ arc black jack ouk {Quercm marUandiea^ ^ ItHiliiig 
arbiUits, nild pansy azalea^ and hucklcbcrrr, all 

plants adapted to acute conditioas of acidity. If one^ front'yard 
Imppens to colnctde with whnt was once stich a spot, let him not 
undertake the herculean task of growing rosea and a blncgrass turf, 
l.«t his iaivn bo of redtop and hie shrubs be azaleas, laurel, and rhodo¬ 
dendrons. 

Another factor that contributes to the su^nsion of leaf decotn- 
Ijosition is the acid leachings from each new deposit of autumn 
leaves. Various acidity determinations show that Jifter lying es- 
IKBied to the weatLer over winter, lemes ordinarily have only one- 
hfth til one-tenth the acidity they possessed when they fell to the 
ground. It bus Ijeen found expcriinentally that the leadiings from 
freih leaves will serve to acidulate an underlying soil of moderate 
alkalinity. Unlessi. therefore, the conditions of a locality are such 
as to effect the decompoeition of one year’s leaf fall Wfore the next 
year’s deposit takes place, a permanent arid leaf cover is established. 
In many of the oak forests on the sandy coastal plain eastward from 
Wasliiiigton there is u pernmnent accumulation of such material 
The nmts of the tit^ mid iindershnibs hind the half-rotted leaver 
into II dense iiiut. The principal trees are oaks. The principal 
shrubs that make up the dense underbrukh belong to the Kricaceiu 
and relateii families. There is no mellow lenfinold nor anv of the 
Icnfnioli] phmt^^ 

Thiii kind mat or turf of micli wideypiiead iwnirrcuc^* is 
dbtinct in its appearance, and so characteristic in the type of 
vegetation it siippoits that U should have a name of its ow ii, in order 
that Jt may come to lie recognised us one of the important phetnv 

Because of Its rtaeiiiblance to bog peat in appeaiujica, stnicturc. 
and chemical conipoitiiioii, and because it supports a type of ve-j*;- 
tation siinilar to tlinl of bog peat it has been proponed'to adopt for 
it the name upland peat. As defined in an curlier piibUcution,* 
upland peat is "a nonpaludose deposit of organic matter, chiert’v 
leaves, in a condition of Kiispended and imperfect decomposition and 
stiji showing its original leaf structure, the suspension of decompo¬ 
sition being due to the development and maintenance of an acid con- 
dition which b inimical to the growth of tlie microorgnnlaine of 

L’pland peat would have become leafmold had not the orderlv 
normal course of leaf decomposition been suspended and condition? 
of acidity tttablished which rendered the fnrther progress of that 

decorpiposi^ion impossible* 

ms. pf Plini 
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The rate at which Leaver? d«riiy greatly inUtieiii-iMl by tetiipera- 
ture* In the cooler northern latitudes and at high derations in 
tower latitides the rate of decay is slower and the formation of 
upland peat is more general than in warmer dimates. Enwpt on 
calcareous soils the higher Appalachian peaks, from 4,000 to 0,rK)D 
feet, t>ear an alsnnd: continuous layer of upland peat, from a few 
inches to a foot or more in depth. Their great rlualcHlendron 
tliickots are routed in deep IxKlsof upland i>eat, Tho spruce forei^ts 
of tfie higtier Kew England mountains lay down n similar fornaatlon. 

Tn the treeless W^eat the decay of leave,s wheie it Ls not actually 
sui^^iended by dryness is rapid and complete. At the higher eleva¬ 
tions^ ho%s*e^ier 3 where the land licgins to be timbered the organh* 
matter doiSi not fully decay| and in the heavily timl>ered arert^s the 
deposit of upland peat often h^coiiics characteristically deep an<l 
continuoubL In QgUiing creeping fires in tho yellow pine forests at 
the hswer elevations the fiivorite and most elleetive tool la the mkot 
which parts the light leaf Litter and puts a stop to the progre^w id 
the flames. Hut in the dense Br and spruce timber tho forest rangers 
chief tools are the spade and the mattock, with which he must ciit 
through tho thick layer of dry pent to the mineral soil lienenth if he 
IS to elTectuall3' combat a i-:low]y creeping fire. 

So strung in the tendency to the formation of jieat tinder the low 
LefiiperilturcH and heait'y precipUaiiou of the high nuamtaifia that 
even limestone soils a superficial layer of upland peat is sometimes 
accumulated. Such a (x>ndition exists on innumt-riihle areas at an 
ebvatiun of ulxjut 10,000 fi^ct in tho Manti National Forest of Utah, 
ltd the basaltic plateau of extreme noHheaetem Oregon, where the 
i^n Lsf na1 11 rally alkaline in i‘eactioii the Imlgepole pine and Douglan^ 
fir forests at elevations of 5,000 feet and over lay down a rodtinuuua 
Ijcd of peat which supports a rharf^ctcriAtic acid flora. A quantita¬ 
tive test of one of the acid flora soils of this region, at an elavatiort 
of 8,000 feet, showed the customary high acidity at the surface, and 
fiuwes*ively lowxr degrees of acidity iinderrieoth. until at the depth 
of fi feety at Hie surface of the basaltic twk, the reaction was neutral 

The group of plants that forms the best index to the acid char 
acter of a soil is tho family Ericacei*r, and the related families 
VftcciniacetB and Pyrolaccff. these occur in vigurous growth 

on a calcareous soil or among ealcoreoufi roefc?* as Is sometimes 
reported, one may expect to find, as the speaker in his own experience 
bos always found, that a layer of upland peat has been fomed 
above the calcareous substratum and that in this auperficifll layer the 
roots of the pbnts find their nourishment, really in an acid mediumt 
notwithatanding the alkalinity beneath. 

Continued observations on the association of certain types of 
wild plants with acid and nonaold mih, supported by cultural experi-^ 


FORMATION OF LKAFMOLI)—COVli.t.E. 


S41 

tnenLH. are to nil respwtfs cooiinnalory of the theory ihtit soil itcidity 
in one of the mont inHitential feotora in plant distrllmtion tuiii plant 
ecology • 

Tlie relation of Leafmold to the exinlence of acid or nonocid noil 
<rauditions may now be viewed witJi n|ipreciatiye recognition. If the 
conditions in any area are Kueh that the decay of leaves follows 
the uninterrupted course that leads to the formaticKn of leafmold a 
state of soil olkalinity is reached, with till the resultant effects on 
tite growth and distribution of the native vegetation. If, on the 
other hand, the conditions an? such that the course of decay ts 
diverted into the channel that endj! in the formation of peat, b con¬ 
dition of pcrmanciil. acidity ia indicated, with the Rccompanimcnt of 
all those peculiar plant phenomena which are characteristic of such 
a state. 

It is perhaps desirable to call attention here to the fact that while 
partially detromposed vegetation apjwars to be the chief source of 
eoil acidity, there are mineral constituents of the soil, of wide dis¬ 
tribution and gi-cat abundance, which are also acid in reaction. The 
acidity of which we hear so much in agricultural writings as diar- 
ucteristic of soils worn out by long years of careless farming is 
doubtless due In large part to a natural mineral acidity unabeuthed 
by the remora I of the lime tliat once neutralized it, for, like tbs 
leaves of treew, many of the crojia of agriculture ore heavy with lime 
and their iincompeiLsated removal year after year has its inevitable 
cum ul a ti I'e resnl t. 

Tlio speaker hopes that he does not overstep tlie propci' bounds of 
this address if lie calls attention to conditions m bog deposits which 
ahnosi exactly parallel the two types of terrestial organic formation, 
leafmold and upland peat. In bogs with alkaline waters, as, for 
example, those underlain by marl, a condition of pcmianeut acidity 
is not oinintamed in the lower strata of the deposit. As far upward 
a.s tins alkaline watere penetrate, the antiseptic acicla are not present, 
decay continue!, and the rewUing formation is not pent, but a plastic 
hne-graiiicd black materlnl that muy best, perhaps, be designated by 
that much misused term, mnek. Muck corresponds In bog deposits to 
leafniold in upland ileposits, contrastiig with bog peat as lenfmold 
coiiiruste with upland peat. 

We may follow thU idea one step further. Coal is petrificil peat. 
As tile purest peats are not formed in alkaline watets, it can not be 
expected that the best coal will be found in situations indicative of 
ulkaltiie conditions. If cool Is found immediately overlying beds of 
marl or limestone it b to be expected that such coal will be of on 
imptirc type, (?orrcsponding in origin to muck. The speaker takes 
the liberty of euggesting to bis geological friends that in rocoru«truct- 
ing in theorj’ tlie climatic and other conditions under which the 
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various kia*!^ of foiil wtiw deposited ll»y may safely hypodi^ixe 
tlmt the pimsr coals were laid down in waters that were acid. 

Alhisiun Iiiis been lumlc to Uie peculiar chnmcteristics of plants 
that inhabit peat. Anion^ thets? peculiarities perhapji none is more 
Fcmarknble ihati Uie presence of tnreorhiza) fungi on the roots of 
many, perhaps most, pcaMoving plant.s. It is known that peat is 
veiy poorly supplied with nitrogen in the form of nitrates, which 
most plants of alkaline soils appear to rwiuire. Orgunic nitrognri, 
however, is abundant in peat, and there is very strong evidence that 
tlicre myoorliixiiii fimgi take U[) this orjntnk nitrogen, and probably 
atmospheric nitrogen also, and transfer it in some acceptable form 
to the plants in wliose roots they live. t*Jifortuiuitcly, the work of 
Imtanhits on these fungi has been {'unlined largely to the tletorjnina- 
^on of (he mere unutumical fact of their occurrence on the root-^ or 
in certain of ibe root cells, with descriptions of their si^e and cou- 
Hgurutlbn, ijilili; attention has been paid to ihe isolation of the 
fiuipi, their cuUurc and identitication, or to the demonstration of 
their pliysiolugical action. The only hypothesis, however, that satis¬ 
factorily explains wJuit we already know alwut the RiycorliiKul fungi 
is that lliey prevent the niti'iigen atnri~atioii of [>cat'Inhabiting plant;?. 
It is well known tJiat certain peat-bog plants, as, for example, sundew 
(/>iic)smi), tnip insectii, digest tlienii. and assimilate their nitrogen. 
It h to be hoped that within a few yeare we shall be equally well 
informed about the function of the mycoriiiaal fungi. But even now 
we may apeak of llicir probable funetion with eonUdenre. 

Tlic mycorbi/ 4 il fungi are known to occur on most of the trees tlmt 
inhabit acid situaiioinj. for example, cUcstiiut, beedi, o.nks, and coni¬ 
fers. The ordinary hillside jjusture in Xew Bngland is a mycorhi^al 
cosmoii. The club mosses have theni, the sweet fern ((’omptt>nici\. 
the blueberries, the ferns, the orrhiila. In our sandy pine and cuik 
woods about IVashingtoii almost ail the vegetation p<wsc«iCs mycij- 
rhuLul fungi. One cumes to tlujik of the giant oaks as depeiulerii cm 
luJuut^ organ 

Were .Sotoujon to write a new edition of the Proverlis to-day I am 
sure tliat be would tell us " Tliere be four tilings which are little 
upon the earth, but they arc exceeding streng,” anil that among tlie 
four he w'ould include “ The little brothers of the forest, tliey reek 
not the light but the li.»iifj’ earth; they prepare for the oak the 
■strength that is hifi.’’ 

Our American agriculture, derived in the main front the agricul¬ 
ture of the Mediterranean region, and that In turn from the older 
agriculture of Persia, k chiefly made up of plaoU that thrive best in 
alkaline or neutral soils. Although ruuiiy of our soUa in the eastern 
I nited .States are naturally acid, we try with only indifferent success 
to grow in them there alkaline plants' of sonlheW Europe and the 
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£&st> Altbo^igh some of our agTiciiltural plants ure lolcmot of 
acidity^ onr a^iciiltuntlists have not yet m'ogtiized the po^ibiUty 
of building up for acid soils n special agrietiUtire in which all tlic 
crops are acid-tolerant. We may yet, perhaps, utilize for agricul- 
tural purposes even the sandy acid lands of the coastal plain instead 
of turning them over ns we tiovr do to the lank huckleberry picker, 
whose lonesome gaixlen is all that he is able to reclaim by present 
tnuthods from the imaginary wilderness that surroimds him. Tet 
these lands contain all sorts of delicious native fruits, and a natural 
vegetation rich and luxuriant after its own manner. 

I-Iad our agriculture originateil not in the alkaline soils of the 
Orient, but among the aboriginal peoples of tlie bogs of iScotlaud, or 
of the sniidy pine barrens of our Atlantic Coastal Plain, we should 
linve entirely ditferent ideas of soil feitllity from tho«e we now pos^ 
se^ If our cultivated fruits were large and otherwise improved 
forms of the bluclH*rry, the service beriy {Anitlfmchier), the thorn- 
iipple (Cr(^aegm), and the beach plum (/Vunmr witfriftmo), if our 
only grains were rye and buckwheat, and our only hay redtop and 
vetch, and if oiir root crops consistcfl of fiotntucs and carrots only, 
our bigh-priceil ngricuUiiruI lands would be the light sandy acid «»ils 
anti the draiiieil Iwgs, wMle our deep limestone soils would be con- 
tlemiied to use for tlie pasturage of cattle and of aheep. 

Tima far man has devoted himself largely to the utilization of the 
plants of the Icafmold, which have gathered up for him the wealth 
of the earth. Let him now, I say, turn hts attention also to the plants 
of the peat and tiy whether they will not yield to him in increased 
measure the luxuriance of foliage ntid of fruit that they have alwavs 
yieldeti witliout assistauce to nature herself. 



THE DEVELOPMENT OF ORCHID CirLTIVATION AND 
ITS BEAMING UPON ETOLUTION^ARY THEOEIES.^ 


By J. 


T\lien crowds tbrong oar bortieukural e^diibitions tbcT are ^ruck 
chiefly by the brilliuEit splendor of color^ the rich variety of forms^ 
and the strange transfortniitjoria produced in the vegetable kiogdoTn 
by llie art of the plant breeder j but they are often incapable of appre- 
riating the. true importance of all the vronders displayed before their 
ga^c.. Even a philosopher who bad a profound knowledge of Urn 
of tiflttire would firid| in a visit to such nn exhibition, material 
for reflections of deep import* and the conclusions resulting from his 
inspection would deserve the attention of the public at large and of 
all men who think. 

Unfortunately, the philosopher rarely takes the pains to acquire 
the knowledge poss^e^d by the specialist, and the specialist gen* 
erally eont^ms himself but little with geneiiil theories, with the 
result that all those who Eseek knowledge remain in ignoraticc* Let 
ns attempt, despite the difficulty of the subject, to assist them in 
their search. 

To render our task less difficult let us limit our attention to the 
m£>st brilliant corner of the exjiosition, and cveiyone w'iU underitand 
at once that wc are to speak of that devoted to the orchids. It b, 
in fact* the section w^here the vtsiloi-g are most numerous; it is there 
that they see the most heautiful flowers and Sometimes the motit 
strange ones, and it is there that vve find the part whose iiignificaiiee 
the public understands least. 

‘What at once strikes anyone who examines the orchids is the 
bizam aspect of these plants—I heir slender forms, their thick, 
fle^y Icftvesj their nerial roots, their bulbous bases?, all contrasting wdth 
the incom[uinkble brilliance of their corollas. Eveiyone still fecla 
somothing of the setmtions, so well described by de PuydL* which 
were experienced by visitora to the orchid hou^^ long ago when these 
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plnntK were be^mnia^ to be grown in numbers in Europe: “You 
would enter the house full of orchids with euger curiosity', as though 
it were some shrine where a tangible mystery was to be unfolded. 
The method of growth without soil, tlio aerial roots, the heavy 
ntinosphore, the abnormal leaves, the strange aspe<‘t, wtmld grip 
you all at once, and if blossoms were open with their peculiar forma, 
llesliy petnb, somlier rulors, and peuelriiting i>erfuiiie»<, you stood 
overwhehnrcl at the display and at the patience of the gardener/’ 
lYltiit used to cause wo much astonishment at the method of growth 
of orchids re«<ulted from ii peculiarity of these plants which was then 
little understood, nnnudy. that they are children of the air, or, in 
other words, epiphytea. In Eurojie w^e know hut little of plants of 
tilts ehi.sa4, for we have only the lichens and mosses upon tlu< trunks 
Ilf our trees to give ns any idea of them. In the ivormer regiomi of 
lliL> globe, on the I'ontrary, this mode of existence Ls widespread, and 
for many ivges the seeils of certain species, embracing sometimes 
atinoHC entire fatnlUca, like tin; orchlda and brotneliads, have lieen 
able to solve victorioiisly tlie delicate proldem of existence imposed 
npnn ail organism compelIcil to live and gmw upon the brunch itf a 
tree, ex]Hisef] to the buoiing rays of the sun, which strive to scorch it, 
niul in great danger of dying from starvation in causeijuence of lack 
of footl to supply its demands. Tliis epiphytic life attracted the 
attention of Osbock, who ctdli'cled plants in Asia and ^lalaysla for 
Linna'us in the eighteenth ceatiiry. He sent the latter a great num¬ 
ber of curious types, wbicli were all described by the celebrated 
Swedish botanist under tlic name of Epidendrum, b& wishtng to de¬ 
note thus by the generic nanio the fact that tln«y Idid the common 
duiracteristic of growing upon irwsa. / 

.V Portuguese mussionan', Loureire, a distitigifshed botanist who 
studied the florii of Indo-China, was very strongly impressed by the 
habit of ^>wth of .lenV/s tnitfratum, which livrf “ freely suspended 
in the iiir with neillier food nor any base. Inther terrestrial or 
aquatir/' in ISIS I-oddigea. publishing the GrA catalogue of ottluds 
ruhivated in the hothoiiwii of Hackney. EnghSjd. declared that he 
bail receiveil from a traveler returning from 

Montevideo, who had seen the plant Hower. deprived of all soil, in 
the cabin he ticciipicd on shipboard. 

[lorticOlturbUi trieil from the Brst to reproduce artificially the 
irouditium for aerial Ufa, and it is thus that the relehratod Joseph 
Banks m 1817, de^ribed the first attempt.^ at culture in frames sus- 
iwndeil from the roof of the grrenhoiise. Treatment of otehidB in 
pot.*) with some sort of earth, which had l»en the mcUiod wnployed 
in the fitirt attempts at cnltivation at the end of the eighteenth cen¬ 
tury, was altc^ether barbarous and inevitably resulted in the lientli 
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ttf tilt; delicate aerial plaat. ^'o une would tbiok of making a Hd) 
live out of water. How could one expect that a specif accustomed 
to a free epiphytic life would accommodote Itiit'lf without injury to 
a low terrestrial existeucel 

The proper mode of cultivation oticC found was perfected little by 
little. For certain t^TJUs found exclusively in the tops; of trers there 
was devised u plan of fastening them to a piece of wood with hra^s 
wire together with a little moss to furnish permanent moisture. .Vn 
n(|uatic tuosa, iiiihagnurtt. seemed pnrticalarly suited to RU tliiji rnir 
becnii.se of it.^i ]30wer of imbibing water. It was in 1841 that Paxton 
Jirst mentioned it as having been employed by him in thr Duke of 
Diivoiisliire’s greenhoUKes. It remained to discover the compost com¬ 
monly employed for most orchids, which consists of tm intimate mix¬ 
ture of apluignum aiul Rliers of fom roots (peat of the English. 
Osmunda, Folypodiuiu), after these two elements have been finely 
rut, this mixture covering fragments of broken pots used to fnrniHh 
dralnuge (potsherds placed in the lower part of the reec]}tacle£i in 
which the plum is put). Hut all tlic tropical urchids are not aerial, 
as was soon learned, and when tlie lady’s-slippers arrived to furnish 
the hundsoDie.st cirnamentri of Euro]>etiti greenhouses they were nilti- 
vuted in poLs, for they were terrestrial plants, a little fresh eartli 
being added in tlieir co-se to the compost which suited most orchiihs.' 

There was no thunghi of cultivating species arenstomed to u tropi- 
rul dijnate except in very warm greenhouses; and in 1830 LindJey. 
who contributed so much to the progress of the science of orchids, 
insisted upon the necessity of maintaining for cultivated types the 
two factors ivliidi eliBracteriac equatorial climateo-dieat and hu- 
iiddity. D was immediately after this tljat the technique was per¬ 
fected winch mjifle it possible to obtain in grcenhoiiscs an elevated 
teinpenature along with an atmosphere charged with vapor to the 
point of stttumtinn by frequent sprinkling not only of the plants 
liut of the walks, walls, nnd benches, thus reproducing artificially the 
roiLstant rsiiw. the torrents which descend almoet daily upon many 
iH|0atorin] countries. 

Unfortunately this method of treatment, which succeedeil wonder¬ 
fully with certain plants, resulted, with many others, in lamentable 
failure. Lindley and other horticulhirLsts in 1838 agreed that all 
irupicul plouLs ate accustomed to ii imlfonn climate, but beneath the 

‘ A rHiint andl Iniii^njiEit iHsrfi^tUon ivf rblri isntllaHl Jn dltTfomtlj tbn 

whi£h Uvv ia cmlureQiH nil niul thoM which ■hEiQ Jf. The 1*1 ter bIumiI^J br 
i*lib fmln 'WW.I& If Ibe tuiuiIeljf W*I«- of the ^hcra they ure grcnwh 

IJmis it* ifl Hituilly ttiii i™* In Fruicvv i mud *e lutib^rdn for dnlnbiTR pl«cw, 
hi bmkitu tlwrr pot* *rc Iti the eiAr or (Ttwln prpf-prrJiijc «ol]^ lik* 

QwieffOMatj driliufe U ftfralPMafit) by p]mm «f 
nkDitdr; In Addlth^D. |hk4fe tf rmiTntmcLi flKte flfr iqIkhI tritSi tin- fnmmud rnwn^ ibr 
pImHite iLi-p^ tnfllHtcibhd lipith ordiiiBTy we tir^ 
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Kqujitoi- it 16 necetissry only to ascend the dopes of a mountain to see 
the etimute change. The mountain species of ivarm regions should 
not be treated like esscntialty tropical plants that are aocustomed cx* 
clitsively to dwatetl teiniieFaturesL Tliere are plenty of orchids, and 
not the least beautiful ones, which grow in the ueiglilx>rhood of snow 
in regions where the thennometer falls to serti. The explorations of 
.Skinner in the cordillerua of Guatenialn; of Gibson in Indio^ notably 
nil tChasia Hill; of Gardner in the Organ Mountains of Brnnil; of 
William Lobb in the Peruvijm Andes; of Mottky in the niountnim of 
Jftra, gave ioformution almost Bimaltaneouidyj about 183ri| of the 
wonderful dowers i^ hich bloom at higli altitudes. From this same 
year dates an important discovery by Joseph Coopers the skilled 
gartlener of the Ewrl of Fiuwilliam. According to him orchids had 
often been cultivated at too high a lempcruttire, and the mistake had 
been made, from fenr of cold, of keeping them in air-tight houses; 
thus fre<jiieiitly they had been suifoeated. for in tiie confined atmos¬ 
phere* charged with carbon dioxide^ life Iwamc very diillcultj and it 
W[Ls indeed remarkable ihnt failures had not been more frequent. 
The melhijtls of cultivation recommended by t.’ooper tended grad¬ 
ually to classify greenliou-scs in three categoriefi, according to the 
lempcmliire maintuined in them—'liothouaes^ teniiienite Iiousc^ft and 
cold luiuses. The Last are tc^-day graced with platits of the first rank^ 
among which must Iw mentioned first the OdontoglossnmSt which rival 
Chilllcyos in the beauty of their flowers. It was not until 1&6S that 
tlte mo^t remerkabk sxieclcs of the geniiSi OilmU^glofs^fn 
was introduced. This plant was sent simultoiieoudy by three col¬ 
lectors who w'ere arJciit exploretiH of the same regions of Amerioa= 
Weir, lilimt. and Schlim—who traveled separately^ the first for the 
Ljondim Horticultural Siiciety* the second for the English horticiil- 
tnrLit, Hugo Ixiw', and the tliird for tlio Maison Linden* of Belgium. 
This “steeplechase” for the introduction of an orchid shows tliat in 
Europe there wim a violent attempt made and a considerahle expendi¬ 
ture of effort tipoti all mdes to add a marvel more to the greeiihouse». 
One may conceive from the account of ^uch exertions that the 
growing of orchitL had received a great impulse. All the great 
coinjiierciQl houses at once employed explorers to search the less 
known and least nceessihle countries for all the rare species^ anj by 
thousaoda the orchids began to flow into Europe, Travelers profited 
by the dormant period of the plants? during ihc dry season to remove 
the epiphytic from their support* and ship thein in cafiC% as if they 
wpve dry op dead objccta The traffic thus muugnrated at the begin¬ 
ning of the ninfiteenth century has lieen continued to the present 
time, and to indicate its importance f need cite only a single figure* 
which is sufficJcntly eloquent and significant J There are large horti- 
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ctiltlira] eiitablishraents in EnfzlMnd wbich import pvtiry year from 
one hundred to two iumdred thouj^and plants.' 

The reader tnay perhaps ask. when he rends tiiesc fantastic hgures, 
why so much labor ta expended, and be will think tliat it would be 
mtieh easier to sow tlie seeds, which con be obtained by the ibousnnds. 
This is exactly what all the horticulturists tried to do in tlie early 
days of orchid cnltnrp. but all their attempts were without result, and 
for a long time the secret of germination was unknown. The fseeds 
have peculiar characteristics that are not found in tlmse of other 
plants. They are extremely smalt, without albumen, inclosed in a 
tegument, and formed of a simple minute mass of similar, undilTo-cin* * 
tiated cells. The minuteness of the seeds is compensated for by tlieir 
great number, and a mature capsule contains an enormous numlmr 
of seeds, which are described ns scobiform, they being thus compai-ml 
to sawdust. Evidently if it hud IxHjn known how* to make the seeds 
genninate, orchids could have been multiplied in a pnidigious fash¬ 
ion. and they would have become among our connnoncst plants. That 
they have noi become so is because for a long time it wtw; impoaeibie 
to revive life in the ^eds, IVe read in an important work published 
in 1622 by the French botanist Dn Petit Thmmr^i. who distinguished 
hiuuclf by the study of the ortshids of Bourbon and ilndagaiicar: 

It was believed for a long time that the seeds were incapable of the 
first act of vegetiftion, and it is only a short time since that Dr. 
bury has observed it in England."' Dr. Sftlwbiiiy^B discoveiy seems 
to have been purely occidental, and when other observErsi attemisted 
to repeat his experiment they met with complete fnilnre. Xeverthe- 
less, mt the nineteenth L-entmy went by, examples of germination 
attributable to chance multiplied, but no one knew of nny method 
tending to reprmliice the phenomenon with certainty. However, 
some keen ol>server, whose name has remained unknown * to science, 
unless it may be Dominy, who will be mentinned Inter, noticed that 
the accidental and infrequent germination took place on the compost 
surrounding the mother plant or. better stilt, on the roots which were 
in the compost but projected more or less completely from it . This 
observation, the result of a lesson taught by nature, was not iost. 
and it was thus that the mysterious method of germination tipon the 
base of the mother plant was inaiignrated. This strange and unin- 
telligible technique was not published, so wo can not honor its in¬ 
ventor. It evidently remained a trade secret which for a veiy long 

1 Thun re^Dm in Soatli America, natfcbTj In tit dSiltlfrl Cfttcbnlfu.! far 

tj3« eiiii0U9i ^rUprnmt nU tb« [ndlnn papiilarlrsn ]J to 

huutlnf for arcbldi;, bclilII lillLfH hnsdradji cf tbeu butitcn. Tbll Intuw 
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time Tf os unknown not only tq th« public, but even to the most skill- 
fill horticulturists.^ There b ovcjy reason to believe, however, that 
it WHS in the Veitch houses at Chebea that the methods were por- 
fected which enabled Dominy, who was emp!oyG{l m a gardener in 
that great establishment, to dare undertiake a work of long durniion 
whieh was to produce wonderful resnlts. I refer to orchid hybridiza- 
tioir The work of bybridizatinn always nccupics the attention of 
hortJcuUtJrbts whenever tbey introduce a new pbinl- Tt has 1>een 
earricNl on witlj such great success for the liegonias, pelavgotiiums, 
and chrysan them urns. If up to the middle of tne nineteenth century 
they had not undertaken the ta^rk with orchidfi it was only because 
they were rendered powerless by their inability to secure germina¬ 
tion: and horticuUnraJ activity, rendered fruitless, had to exercise 
it&elf in some rsthcr direction to satbfy the ndminerB of these beauti¬ 
ful plants. It wnn thus that the importatlorof totuk the prodigimis 
3i|dit described above, and that the number of cultivated e|>ecies came 
to be so enormous—from 2*000 to 0.000 in llie whole family, Xo- 
where ebe in the vegetable kingiiom is there another province whore 
the exertion hsis been so prodigious from this point of view. 

After 1830 we enter upon a new era, akhough at first the change 
was scarcely appreejnijle. Disi-uveries were kei>t conrealefl mid tlieir 
re'ultH made their up pen ranee slowly, so thiit Tt was not compre- 
Uendivl at fit^ that harticnltural evokiticm was engaged in new 
dirertions. Dnminy, after lie hnd been initiat^l by Dr* Harris into 
the very pcciilinr specializations printed by the sexual mechanism 
of the orchid llower, ufiflertt>ok the first tross-feniliiations. More- 
ovect he showed his gratitude much later* in 1S69. when the first 
Cypripedium hybrid appeared, for he gave it the name of Ct/pri- 
If Thia plant was a very important hybrid, btU 

obtained at a eompanitively late date. T.^ong before, in October, 
IS50. PfflfiniAeX^omin^ had made its appeaiunce, Tt was the 
rwult of crossing Cahmth^ Afi^tm with Cafrinlhe furruta. The 
were sown in anfl three years were suibcient for tlie ap- 
jiearance of a new plants for it wa^s indeed ii new c road mi* 

After these wiilely separated periods, the ^late of appearance 
Ilf the finst orchid hybrid, and I860, tlie date of appearance of the 
first hybrid C3’pripeditim, an immense task was under taken by hor- 
ueidturists, and the number of their creations has been multiplying 
in a disquieting fsahiorL At the present time WO hybrids have been 
obtained in the genus Cypripediiim alone by crossing them with some 
40 specie^i of the Paphiopedilum found cxoJusivelv in tropicat 
regions of the Old World- Moreover it may be stated tliat the 

■ “^A llTlnr plant I* tirrdri to rmapr mnlliilT 11> ill* tfi w b Irh ^rmUfltlfiD 
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nupil>er (100 was ofatEtined only liy a statisticnl method wbicli may hv 
coiisidercd too restrictive^ for it was employed by Mr. Bolfe with 
8 view to simplifying a study rendci^l every^ dray more difficult by 
new creations. He luis adopted the rule of giving only a single 
name, the oldesr, to olJ the crosvses between any two S| 7 ceic& But 
E-hip rigid mle^ which is quite jimcticaJ for purposes of tujcunomic 
takes no regard of the fact- whicli h nevertheless verj^ ins- 
porta nt and well established, that tlic offspring obtained from the 
same parents at the same period or at successive period-^ arc often 
very different, and especinUy that if an inverse crowing is made very 
Lliasimilar hy^lii'ids result* The t^yprif^edjujji.^ l>cing hermaphrodite, 
either of the sptK'ies may be token as father or as motlier* I if the nik 
of nomenclature ju^t cited is not admitted, it is not tKKJ but I.aOO 
hybrid.s that must be listed for thie single genus* One can uiider- 
stimd how Lindlcy said, when CalafktJuf appeared. ” Toii 

will drive hotanisiji mad*” STever until then had ihi? words of Bailey 
been so true: "The gunlcn haa always been the bugbear Eif the 
botanist ” It must be remembered that the artificial creations thus 
obtained among the orchids, and espedally among the IndyJs-slipperH. 
have nlmmclers which must be eniphasJKed* which are different from 
those usually seen in chry5antbcniiiiii& or The immense number 

of varieties that are known as bclanging to these two floral lyfics 
differ from one another by peculiarities which are often InfinltestninL 
sliglit variations in tints, habits etc. When examined as a whole in 
an exiiibition there is an impression of continuity. It ip seen, how^ 
ever, that l»y the accimiuUtion of these sUglit differences extreme 
typee akcigether different are obtained. Upon inspection of the 
C;T>ripediuni hybrids the impression k different; the plants that 
liave been crossed with one another are sso unlike—operated by no 
many diverse cliaractei'it^—that ihetr offspring give the impression 
iif autonomous l^eings which are radirally different from anything 
before known and give one the idea of new bikings created in every 
part, for whose analogue the whole world might be sea^fh(^d in vuiUk 
T he hybrids thus fashioned by man^s geniise have every iippetmincc 
of myy species: and by the processes of cultivation and nmltipHration, 
which consbl in dividiiig the rhkomes, once the l^teing has I seen 
rreated by a stroke of a niagio wand, we are assured of keeping it 
indefinitely with all the cJiaracterji which have struck us at the time 
of their first appearance. 

Wtien one of these prodigies is offered in the salesrooms of the 
London auctioneers there is a contest among its fond admirers for 
the possession of a gem hitherto unknown, and it is not unusual to ^ee 
new hybrids sold at absurd prices. For example;, C^pripedh/m 
Thalh wafi &old for 300 pounds sterling (SL500) and C^pripedmv* 
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tfcrmain^ Opoix^ produced by the skiliful cliief gardener of .tJie 
Luxembourg^ was sold In Laodon for 7j&50 francs {Sli530)*. 

Such high prices arc juMlfied by the mrity of the plants^ by the 
difRcuUy of producing tliemT and their wonderful beauty. Some- 
uniP 3 it miniras a) years of effort and cultivation to ancceed in ger¬ 
minal jou. nurse the seedling with die closest attention, combat all 
the enerojes that lie in wait for itj protect it from all the dangers 
that threaten iL and bring it to flower. But gradually these rarctic 
are hrouglit to light, and in ti not fat distant future the lovers of the 
Cypripediuius^ who hitherto have had only some 50 types to choose 
from, will have huudrods or even thousaiidsi The hybrids haine the 
very roionrkebk character, so to sp^ak^ of being indefinitely prolific, 
so that by crossing Lhem among themselves their number can be 
incieawed almost without limit. 

Each grower^ in searching to create a new type, pursues an ideal 
whidi ih sometimes realiafie^l in u happy fasliion. Perfection is not 
c]btained at die first stroke, but by successive improvements H b 
finally approximated. Among the mpst sncccssful creations of il* 
Opoix, chief gardener of tlie Senate, may Ije mentioned the off' 
spring of the Luxembourg OfULanthi]m, which was itself celebrated 
for the gigantic dlmensloiiB of its flowers. In ^ipite of itsi incom¬ 
parable q%ialities, thiii plant wag not yet the phenomenon dreamed 
of by the insatiable hybridizer^ so he searched for new blood fo infuse 
into it- For this he turned to a handsome little Indian Cypripe- 
dium^ from the region of Bhatan, tho Faime Cypripedium. which 
had been introducefl into Eiicope in 18ii5- This delicate species had 
been lost succe^ively by all the borticalturi^s who wem ignorant 
of the proper treatment to giv^e it and tho Luxembourg garden 
was the only establishment which had been able to keep it- From 
this instance of longevity it mny be seen tliot nn orchid well 
cared for may be kept almcst indefinitely. By crossing this Cypripe- 
diujii with the giant Oenanthiim there were obtained two prodigies 
among the lady's-slippers, Germaine Opoix and Gaston Blutel, which 
surpass everything thus far obtained in tho splendor of the amply 
spreading kbeUum and the warm coloring, characters manifestly ixi- 
herilod from Fijlrrkanum^ The influence of (he parents is dis¬ 
played in these hybrids in a striking manner, as m an indefinite 
number of other tji>es, and such authentication gives to this study a 
ebartn and a profound biological interest. 

The number of new types may be increased, moreo^'er, in the near 
future, in an extraordinjiry manner^ thanks to a discovery of the 
greatest importance which b yet to be mentioned. Despite the won^ 
derfnl n^ults Just cited, those who obtained them were ignorant until 
within the lfl$t few years of the true FCasons for the ctdtural technique 
they employed. They knew this was the ease from the,numerous 
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failures tbty expcricnc?ed. I’lie yield of ?>ueds is always irregular 
Olid imcortain. Very offent without my apparent muse, siiecessfiit 
results art obtained in one greenhotise and mniplete faHuro in iin- 
other. Finally, although hybridbEations had given first-clasg rwiults 
witli Cypripediujus, Cattleyas, and Ladias^ there was a host of 
genera famed for the splendor of their flowers whu»e seeds could not 
be gertniTiated. Such was the case with the (Montoglossuiris for n 
long time. It was indtspeosable to find an explafintion of tliese 
anomalies. 

The riddle is solved today iind in such a thoivijugh fashiou that 
the conseqitent results lor an industry of the first rank will be of 
the highest importance. It was known fi*om the studies of Walirlich* 
published in 1656^ that the roots of orchids intTiriably contain fungi. 
The fact had been demonstrated long before by Schleiden von Bes- 
sekj Priilieu3c, and other botanists, but no one knew until W&hrlich 
made bis investigatiouB that it was a condition existing in 500 repre- 
HJentatives taken at random in the orchid family^ thus Iwing a pe¬ 
culiarity nearly universaliy characteristic of the group* It ^emed 
to that important consequences must result from this verifica¬ 
tion, and that the invasion of the roots of ihese plants by fungi 
must have affected their evolution and been the cause of their pe¬ 
culiarities^ of structure and modes of life. The statement, in par- 
ticular, that in all the true liolosaprophj'tca (plants without chloro¬ 
phyll and bearing fungi in their roots) the seed undifferentiated* 
led me to alSrm that the minnteness of orchid seeds, so marked 
that they are described aa $cobifortu, was one of the remote results 
of the presence of mycorhiza and due in all probability to toxins, 
whichj acting at a distance, prevented tbo development and pro¬ 
duction by the embyro, aa in nearly all seeds of a tudiele, a hypoco- 
ivh and cot 3 ^!edniiis. 

This new' point of new involved unexpected n;sult^! the seed 
depriwd of fungi must oertainly be jDfected once it was placed in 
the soil and it might be surmi^ted that the failures of horticulture 
ists in tbeif attempts to germinate seeds resulted from their ignor¬ 
ance of the pecidiaritles which have just been set forth concerning 
the biology of the plautsir It was reserved for one. of my studetits^ 
Mons, Noel Bernard^ to gain the credit for the proof that these 
deductions were quite correct. After having worked with the birds- 
nest Neottia and tried vainly to germinate the ftiicroscoplc seeds* 
he had the good fortune upon a botanical excursion to find a cap¬ 
sule of this plant, which was bent toward the ground ami had de¬ 
hisced upon the soil Its seeds had germinated. Upon studying 
their structure ho saw* that they wero infected by a fungua, in all 
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probability the sumc us tljat upon the roots of tiu! parent plnnL 
This liflppy observation shed a my of light; it esplained ul] the 
failures in cultivation experienced by growers^ as well aa the reason 
for Llieir success when they placed the seeds about the base of the 
mother plant. 

However, a new method of cultivation which was gaining proiind 
in the horticultural world seemed not to substantiate the preceding 
explanation. In.^tead of placing the seeds at the base of the mother 
plant some gardeners sowed them in earthonwaro saucers eontam- 
iiig various stibstrata. such as sawdust. As they frequently obtained 
snccessful results the}'" maintained that it could not be a question 
of infection by fungi from the roots, and the explanation given by 
Mons. Xoel Bernard which so revolutionixed the ideas of hortictil- 
tiirists seemed to them still less admissible, in view of the fact that 
their ti inU were alwaj-s fruitleaa whenever a kind of white gtowtii, 
some mold or fungus, invaded the sawdust ajuid the fine orchid 
seeijs sown tliere. This unscientific objection was in vain, for on 
making sect ions of i he emhryoa developed upon the sawdust it wn.s 
fontui that they were always regularly infected by the fungus, which 
invariably entereil in the same manner, by tlie micropylc (sus- 
jwnsor). and invaded the celJs, producing there tightly rolled balls 
of threads. This irrefutable ohsemation did not coinpleicly solve the 
question, for whence came the fungus in this case! 'Phis is still an 
unsettled point. The first hypothesis which occurs to one is that 
the fangu.H is -w ahutidant in the greenhouse that it infects the saw¬ 
dust nalurully, like the mold in a cheese cellar, whose presence en¬ 
ables the manufacturer to obtain excellent prochicts but whose rib- 
!-cni'e brings him min. Perhaps there is a simpler explanation— 
that the gnrtioiier. naturaJly of a clever and often furtive dispoaition,' 
has placed in the suliistratqm fragments of roots which have thus 
infected the seeds with their fungi. The last explanation seems to 
me not nt all improbalile, because at the conclusion of Bemnni’s 
investigation lions. Denis, an orchid grower of Midi, France, actu¬ 
ally employed this method and nbtaiiicfl gwHl results. When horti¬ 
culturists thus employ subterfuges to deceive anti throw uif the track 
disinterested investigators who are trying to perfect their industry 
they moke a mistake, for it is to their best inteiiest to seek the intelli- 
geni aid of hcience, which can guide tlieir work and be uf the great- 
ist a.ssitance to them- It too ofien happens that they conceal mys- 
teriouHly fioine trick of the trade, the reas^ai for which tliey do not 
understand, although it brings them success and may even be the 
foundation of their fortune. It is easily itjuiginnl that they pro- 
their secret with jealous care, but unhappily secrets can not be 
kept indefinitely. 
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One of the most eklUful propagators of our country, Mons, Msrou, 
after the publication of Mods, Bernards inrestigationg, said that ho 
fiuccecded as well with his own method as with that recommended by 
the latter, this consisting in inocutating the soil with orchid fungi, 
which he had lenmerl how to separate from the roots and grow in 
pure cultures. This frtatement docs not seem to have great weight 
when it is stated that on sending some orchid fungi to au inexpe¬ 
rienced amateur, who had nerer germinated a siugle orehid, like 
Mons. Magne, with whom I put Jfons. Bernard in communication, 
wonderful success was obtained. The intervention of science will 
at least have had the advantage of rendering accessible to manv a 
process which previously had been successfully attempted by only 
n few. 

Besides, despite the mastery of their art obiatned by certain 
worthy breeders, they still liave disappointments, and failures fre¬ 
quently batUc the most experienced of them, fortune, on the contrary, 
often reserving her smiles for unskilled novices. As long as the 
reasons for the methods tliey employ »re not understood this ought 
not to he surprising. Tlie produLtioii of eeed is alwRys meager, and. 
above all, irregular. One capsule begins to de^'elop; nnother not 
until several weefe or even months afterwards. Tiicre are a host of 
Huomulies and failures in growth for which an explanation should be 
sought. Moreover, there U a eonvincing example which proves that 
the new methods of cultivation ean be a powerful aid to the culti¬ 
vator; this k the notable success obtained in the case of Phalaeiu>p«iH 
Artcnme. Seeds of this hybrid, obtained l>y cmjsing Phafannopith 
firmnii/w, a variety of with Phahenoprk rosea, were 

sent by Mens. JJenis to Mons. Bernanl before the capsule which con- 
Lainecl them had opened. The latter was able to remove the seeds 
aseptically and place them in a steriliawl tulie. where no gerraina. 
tion took place. Upon introducing a pure culture of a fungus, 
Phisoetonia inucortfides, there was obtained in tjie tube a splendiif 
germination, the soedling? developing with the inmost rapidity and 
rt^ulariiy, si» that at the eml of 18 months Motuf, Bernard was able 
to remove the seedling and send it to Mons. Denis, wlio replanted It. 
and in 1(»08 (less than 3 years after solving) the plant dowered,' It 
was the first mature plant obtained by the new method, grown with 
tt rapidity that even the moat skilleii growers were unable to attain, 
for Mons. Berjiurd's seeding of 18 months hud nearly the siise of 
those 3 years old which ore figiiml by the Kfesi^rs. Veitch in their 
excellent orcliid mnnuaL 

So by extracting the fungi from the roots anyone can obtain as 
good and even more rapid germimdfon than that secured by the most 
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*?xpcrt grower!!. Hcaidftiy nftor knowing the rensDiui for the ntcttiods 
employed one may travel farther in the path of progrefs and attempt 
many germinations llmt no one has kiioerji how to secure until iinw. 
It cun thus be foreseen that in the near future the growing of oreliidM 
trill receive a new impetus while the number of successes in eiiliiva’ 
tion will contiimc to increase, and new hybrids will become nutre imd 
more numerous. At the present time thero are Higns in the liorti- 
culturnl world,especially in England and Belgium, that all the recent 
discoveries have lieen appreciated} we Lear of an ijtie-V|>ccted niiinber 
of new dorul offerjtigs which indicate that the daring of the growers 
is increasing daily. Tlie flowers that are today the queens of fashion 
are the Oflontoglossuma, The creHtiotis obtained from the ropresent- 
alives of this genus are multiplied every day and the types like tlie 
Odontiodns (the result of a cross between an Odontoglossum and a 
Cochlioda) are the glory of the mshibitiuns. (,)iie would never sus¬ 
pect that a venerable science like botany, apparently adapted onlv 
for tile delight of collectors wlio have a pleasant fancy for gluitig 
dry plants im paper, could be capable of affortiitig suoli imsistance tu 
an indiifitry so important aa that of orchid growing. It could tiot be 
ynticipated that the biologj" of these plants was so extritordinorv. 
Tliey are. in short, plants that are normally di-seased, which not only 
Ht^mmmlate tliermielvs.^ to their parasites but are unable to exi^ 
without them. It may neveiilieless happen that the latter take the 
offensive and then the plant in killed. The struggle intmt be «>n- 
tinuous between the fiiogus and its host, and in certain cases it hap¬ 
pens that tlie remstance of the orchid is so strong that the mycorliiaa 
is completely digested and nothing remains at the eiid of this 
violently defensive ad but some excreta or the debris of half 
atrophieti threads. The reaction of the host under normal ctuidi- 
cion is always severe, and the phagocytose, which functions b a 
regular manner,limits every day the threatened progress of the pam- 
site. It may be easily understood that such a struggle affects the 
whole siructtire of the plant and tliat the norma! characters of 
orchid depend upon it to a large extent, Tlie evolution of the 
attBC^ng organiKins Is analogous to that of those attacked. The 
fungi separated from a Vnnda are not the imitie as those found in 
an Odontoglossiim; they are parasites of the same family, but dis¬ 
tinct specifleally. One is tempted to believe that for each oridiid 
there U a corresponding fungus speeifkally different from all others. 
.Vt present it appears that there is only a small number. Three 
a^ies clearly di^nct have been descriljeil; * one which inhabits 
the roots of Cypripediums, Cattleyas, and LaeliuM; another which i?^ 
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nHSOcifttftl wltli of PbuJio;iiopi;jf> uiij VaEtia; and a third 

lefltri^ted to liie DdtmtiJglojKums. TJjfse fungi, ordinarily parasites, 
t-aii cultivated away from their usual host upon an artificial 
iticdiutn. It is then found that their Uireads have the property of 
rolling up upon themselves into a ball, so that under artificial oon- 
ditioiM they conduct ihemselTea in the same manner as in the cells 
of the Ijost which they have invaded in the usual fashion. It seems 
probable that here one has to do with a property of acquired 
heredity which enables them to esiat independently of the cbuh? 
which has produced them, 

Vrheo a Phalaenopsis ta inoculaterl with the fungus from a Gypri- 
pciiium, or an Odontoglomttni with that of a Vanda, one may hg-ve, 
according to the ease, a disease which is often of an infertioiis char¬ 
acter, Or wholly negative results. Very often the foreign fungus pen¬ 
etrates the seett, provokes the beginning of germination, then devel¬ 
opment is nmested; afterwards a new infection is produced which u 
this dme fatal, and the plant dies. The parasite has regained its 
formidable destructive character, which was evidenliy its primitive 
condition. It may happen, on the contrary, that the fungus ii* de- 
feated in the combat; it penetrates the seed, but is completely digested 
and gemination does not take place. There is finally another cose 
which is of Special interest ; This is when tlic parasite and the host 
are adapted to earlj other, and a new association is formed. If, os 
we have previously suggested, the orchid was partly created by the 
fungus, there h every reason to believe that this change will modify 
the germinative evolution, and abnormal types will be produced: Tn 
fart, such moustrositiea have been secured witli a Cvmbidiiim, and 
more successfully with a Vanda. In the latter genns, in place of 
baling a plont with a simple stem and of symmelncal growth, there 
was obtained a small bofty with two. three, four, or even nine 
benches, Mons. Bernard was able to grow some of these strange little 
plants for several monilis. He even iicm soaic of them to horticul- 
tunats in hope that they might know how to continue their growth 
and bring them to flower. An uufiirtimate and vexatious accident 
interrupted tlie attempt. The mistake of a workman caused the 
destnjction of the precious pi ante, and what might have been learned 
from them in still a secret. Still, if the ideas which we have expressed 

correct, we do not hesitate to believe that if such a product had 
been brought to maturiiy. it must have given the most unexpected 
resulte, Iforticultiiriat.<s have known how to obtain extraordinary and 
interesting types by hybridising species with one anotherj but 
ins known that anomalies may he produced in the vegetable kingdom 
otherwise than by crossings, Mons. Biaringhem has shown that vari- 
mis forms of tramanission, such as division, torsion, and compression^ 
can direct evolution along new patlis, and create characters previously 
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unknown wliidi aw often inheritable. The experiment of Uer- 
nard show oa that by cbanging the fungi of orchids one may create 
motLHtrositiejr; tliat ts to say, in ^ort, transfortn the orclud. It may 
l>e that die dtange thus brought about will be so profound that the 
creatures thus formed may be unmanageable; but if they can be 
brought to flower aiul reproduced, in all probability there will be some 
very curimis creations. It can be seen that breetlers still liace a va.Ht 
held to exp[«iiL 

As a 8»|uel to lliese remarks, some deductions may bo drawn. At 
present too much attention is gicen to the study of liybrids. Tli« 
Meodeliuu laws, so long forgotten, and recently brought to light 
again by the work of Vries, Tschermak, Correns, and Dateson, 
would lead one to believe that tlie key to the riddle of evolution had 
been found. Ihese laws, it must be stated, are applicable only to 
very siinple cases, such as that of two varieties which difl'er from each 
otiicr by one or a small number of charactecK, The characters of their 
offspring arc then subject to indisputable iiiDthematical lawsL They 
do not seem applicable, at least at the present moiueut, to cases of 
two parent species of an offsjiring, differing from each other bv 
miinemus cliaractersu If even these complex cases ouidd be cleared 
up and reconciled with Mcndelian principles, the rewilt would be u 
theory that evolution takes place only in the ovule. Can we admit 
that an exterior influence can never cause the appearance of new 
characters? UiMm this there can be no division of opinion. All that 
has been set fo^ above with regard to the orchids {deads a contrary 
case.'which is in accordance with the theory set fortli by T^aitnarck, 
the famou> disciple of Buffoii. 
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Considering tluit it is only about 10 yearN ago (hat the muQufa?< 
tur« f)f nitrogoiiou.*! pruducU by electric power was proved to \je 
commercially possible, the progress has been remarkable* Indeed, 
this metullurgicul development of electric power promises to be even 
mune important than clis^tric tmctioji* 

The two onaln soniiccs of fixed nitrogen are sulphate of ammonia 
from gss works, etc,, and smlium nitrate from the countTv of Chile. 
Table I gives the sulphate of nmnioniu produced in tids country in 
the years iJlOfi, 1000, and ll>10. It will bo noticed that the principal 
increases between 190G and 1010 are, from coke ovens, 115 per cent, 
and from producer-gas plants, .>0 per cent; the total increa.se being 
at the rate of about 36 per cent. 
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The tegular exportation of nitrate of soda from Chile began in 
1880, anti, as will he seen from Table II, it bos increased at an ci- 
trewely rapid rate and is now about two and a half million tons per 
annum, 
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AgiiLjvit thfca; the output of c-uleiiiui nitrate and calcium 

cyanamide, which are two of tiM! main products of the electric fixation 
of nitrogen proectsas, small. The important tiling to notice, 

however, is that electrical procctises are now on a sound corntncirial 
footing, and i-’ery large extenaioua of plant have been recently made, 
nnd are in hand. 

Table III gives particulars of the installations for the mauulac- 
ture of calcium nitrate by the direct proecse of Prof. Birkdand and 
Mr. Sam Eyde. It will be noticed that, although the first esperi- 
inental plant was started only nine years ago, already the company 
controlling tiie Birkdand-Eyde patents have installstlons aggregat¬ 
ing 200,000 horsepower at work, and probably by 1016 another 
MOO,000 horsepower will be at work. All the 1 natal la t ions mentiotied 
in Table III are in Korway, but installations will no doubt be erected 
in other countries. 
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The otlier dcctricaily produced nitrogeimiis manure, caleium cy- 
anamide, is made by a more indirect method invented by Dr, Franck 
and Dr. Coro, and its manufacture is not confined to Norway, 

Table IV gives the principal instaJlations, and it Is of interest to 
note that, although the first one on n commercial scale was erected at 
Piano d’Orto in Italy only 6 years ago, there are works in opera¬ 
tion and being built which by tho end of nest year will be making 
calcium cyanamide at the rate of over a quarter of a million tons per 
iiuium. 

The Nitrogen Fertiliaers Co,, which owns the Odda & Alby Works, 
works under license from the North-Western Cyanamide Co., which 
company controls this country, Norway and Sweden, Belgium, and 
all the British colonies, protectorates, and dependencies, except Egypt 
and Canada, The Odda factory is now being enlarged and at the 
beginning of next year will be prodacmg 73,000 tons per nnTmm 
In the United States, the American Cyanamide Co. is about to erect 
a works in Alabama to mamifacttire 24,000 tons per annum. 
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ThLj furnace, invented by Prof, Birkeknd and Mr. Sam Eyde. 
of Norway* dependa on tbo mter- 
action of an alternflting-cniTent arc 
in a !?onstD!it magnetic field* The 
fnmace, iia installed at Notodden, 
coEiista of ft circular aheet-fdoel 
dmiii aboul B feet in diameter ojid a 
feer wide, lined with refractory fire¬ 
brick* and having a disk] ike space 
in the center 6J feet diameter and 
if inches wide. .Vir i$ supplied at 
the renter of the furnace by a Koot^fi 
blower, whilst a channel round the 
periphery of the disk space carries 
off the gases and iinoxidized air, as 
fiiiown in figur© 1* 
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Two electrodvs. one of which is shown in figure 'j, pmjwt into the 
center of the fomace and are approached to within ulxnit one^lhird 

inch. They are copper 
tubes, I'} inches diame¬ 
ter and live-eighths inch 
thick, and have water 
circulation to keep them 
cool. 


m 1. 


Surrounding the points of the electrodes there is a magnetic field 
of about 4,500 lines of force per square centimeter. Alternating cur¬ 
rent ut 6,000 volts and 50 periods per second is supplied to the elec¬ 
trodes, and direct current flows around the cods to nroduce the uiae- 
tM!ti<- field. 
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When uu hit is struck hetwe^^n the rlertroded it k at onne il&H^ted 
in It din?clion perpeiiJiculai- to the ILnCij of force^ and the necessity 
of having altEmating current appUcil to th& electrode$ will ap¬ 
preciated from the fact that with direct curmit the arc would be 
dertwted to one side only. As each electrode b alternatively positive 
and neprativcH, the arc is projected outworni first to one side and then 
to the other, thus giving a disk of (lame about fi feet In diiimetcn 
The speed at wliicli the arc moves outward is estremoly rapidj and 
as tliq formation of a new arc b praeticully irustantancaiiSt it appears 
fo the eye as a sheet of fiame. 

"When the extremities of the irr retire along the electrodes the are 
increases in length* Hs resi^tainv nbo increasing, until the tension h 
such that a new urc strikes lietween the points of the electrodes. The 
resist A noe of thb short arc being smaller, the tension of the electrodes 
iioddenly sinks to a point that will not sustain the long arc^ which is 
thns extitigiiUheih Another arc starts* and so the process goes on. 

An inductive resistance is a very necessary piece of appanilus t« 
have in series with thi3 arc, because its self-induction atjtomattcally 
effects a displacement of pha^ according to the currenh'^ flnwingt 
thus enubling tbe arc to bnm steadily. 

Tlie writer assisted Hr. Howk-s with some exp.^riments in fixation 
by nitrogyn about years ago, and it was then that the necessil^ of 
haring an induetion coil in circuit was noted* Without it the an? 
could not be maintained steady, but with It the arc was quite steady. 
Tlie experinient was made at Messj*?^, pfolvnaon and PhillipsX Old 
Charlton, and a transformer that happened to be handy was used for 
the purptsse. 

It ehould l>e noted that any furnace working with alternating cur¬ 
rent has neces-sarily a comiidcriible phase difference. In other words, 
the power factor is low, and therefoiiB, in estimating the sizefl of 
dynAiLios antj cables* duo allowance has to be nuideu This^ of oout^* 
ralsR? the cost of electric energy. For ordinary power supply a 
power factor of OMt b (piite usual, but with fixation of nitrogen ftir- 
naecs the power factor b only nboiitO.fi. 

A curious feature of the arc flame is that it is not quite concentric. 
When looked at through colored giusscs the extremities of the arc 
apt^ar like glowing spots upon the rides of the electrodes ; on the 
positive electrode they are small and fairly close together, whiti^ on 
the negative electixide they are larger and farther apnrL The reason 
for these spots appears to b© that the arcs solder themselves, so to 
speak, to the ricctrodea, and the magnetic lines of fore* make the 
extremities of the arcs move along in leap^. For aome reoaon not yet 
explained* the extremities of the arc cling more closely to the negative 
than to the posilive electrode^ and therefore the fiame extends farther 


XITHATES FROK —S4H5TT. 363 








SCllOXilERR l?T ENACa 


ftimacje. The 


ThiJ^ fiirnaiT was imreniefl by Df. S^’honberr* df 
tbd Badisrhe A nil in nnd Hoda Fabrik «f Germany. 
As installed at Christiftfisand, it consists of n long 
iron tube fixed vertically^ througU the center <if 
which an arc Ifi feet long is maintatnei]. Alter- 
nating current at volts, BO periods^ is iised« 

and each famace takes (KK) horsepower. Air blowD 
rliroiigh this tube with a whirling motion keeps the 
arc iti the center Hir electrode at the t>r>ttom 
consists of an iron rod which fjassts ihrongh a 
copper w^ater-cooled tuU\ The iron rod Is pushed 
Lipwardij, as it hunis away to ferric oxide^ and fresh 
rods are screwed on a.s requimL so that the pi'ocess 
doca not stop. At the top of the tube there is a 
water cooler^ and it is inside hei'e that the anc ends 
by striking across from the center to the side of the 
tube, 

will be seen from the arrows in figure 4. the 
incoming air passes through annubr tubes, on eadi 
aide of which then? are the hot gases from the 
air h thus heated to aboot MW® C. before it 


reaches the arc. After passing through the arc, where ifome of it 


along the positive electrode than along the negative, shown 

p— S'OGO 


m 


TJMieti thft llatne 

Is burning it emits 
a loud noise, from 
whidi the furnace 
a ttendan i can 
judge of the num¬ 
ber of arcs formed 
per second- The 
electrodes are 
cluinged and re¬ 
paired every 300 
boui^^atid the fire¬ 
proof lining every 


fourth to sixth 
montli. The teni[>eratiir 0 of the fiajne la about 3^500^ C-t nnd 
ternperatiire of the escaping gases is lietw'oen 800® and LOGO®. 


llie 


Each of the fnrtiac^es at Nmtodden takes IKW kilf>- 
wjttLs, and the fiirimees at the Ejukan works each 
take 3,000 kilowatts. 
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1 !^ heateJ lo about SjEXH)'^ V-, it reaches tlii^ water cooler^ wher« its 
tonipeniture h then ^uddenlj reduced- At this point thett? h a rapid 
»iixh]|r of the highly heated nitric oiide next to the urc, %viih the 
nwler air that Lb wliirling^ past, and the guSi becomcii pennanontly 
tixed. The nitric oxide and air leave the top of the cooler at about 
Ci. and pas^ away to » ga_s fluCy commpn to all the fiimace^^. 
^^'hore the temperature is retlucetl to about S50® G. 

The plant iii t bristiansand is entirely occupied in milking podium 
nitrite for the production of aniline dyes, ete Previously sodium 
nitrite had becu made by the reduction of Chile nitrate with lead, 
but this ifietkod of production bos now practically ceased. 

The nitrile made from the nitrogen of the air is so satisfactory 
and so cheap, eoinpared with the old method^t that now pmotically the 
whole supply of the world, valued at 41160*0M i &SOOjOOO)^ ifi obtained 
by electrieitv- 

In order to produce it the temperature of the giise^ is not allowed 
lo fall bdow S06* C., and this keeps the nitric oxide about equal 
to the nitrogen peroxide. This mixture behaves as if it were nitrogen 
trioxide and it is absorbed completely by being brought into 

contact with sodium, hydroxide accordifig to the followh^g formula— 

NO+NOs+^^^tlHsHjO+aJTaKO (sodium nitrite) * 
CAIjClUil NTTRATE. 

A=t carried out at Xotodden, the meihod of making calcium nitrate 
is aR follows; The nitric oxide and air pa^ from each furnace 
into two fireproof-lined gas-collecting pipes, abcHit 6 feet in diameter, 
lined with fire brick. These pipesi convey the gas to four steam 
boilers^ the heat given off by the gases being used to raise steam for 
(Toncentrating the products and for drii-ing the air compressors for 
pumping acids^ soda, etc. The gases then go through tubes in the 
evaporating Egnks. after which the leinperatiire is down to about 
250® C- The temperature k lowered htill further, to 50® C, by 
passing it through a number of aluminium tubes over which cold 
water k flowing. The gas then enters the oxidation tanks, which are 
large vertical iron cylmderB, having acid-proof linmgs. Here it 
continuef^ to take up oxygen to form nitrogen peroxide, the per¬ 
centages being now oWnt fl® per cent air and 2 per cent tutreigen 
peroxide. 

The nitrogen peroxide is brought into contact witli water to form 
nitric add, in two series of four tow'ors- Th^se towers are built of 
granite and are filled with broken quartz, this substojice and the 
granite being chosen because they are not affected by adds. Each 
tower measum 2 meters square by 10 meters higb, and it has been 
found that they will give on absorption of 3^S kiiograma of nitric 
acid per cubic meter of apace per 24 hour^v 
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The liquid trickles down throiigli the quart*, md tneetiiig the 
nitrogen peroxide gas, eoinbinwi witli it^ Tlie liquid moreii from 
tower to tower in the opposite direction to the Thus the freslt 
water enters nt top of the fourth towetj it flows down tlirougii tlie 
interstices between the pieces of quarts and foils into a gmnite tonk- 
From there it is pumped by i:ompressed air to tlie top of the third 
tower, down which it trickles into another tank, and from which it is 
puznpc<i to the top of the second tow'orj and so on* 

\Vlien the liquid reaches the bottom of the first tower it contains 
about 40 per cent nitric acid* 

Recently some remarkabJe results have been dbtained by im¬ 

proving tile tnateriai with which these towers are filled. By using 
special forms of earthenware instead of quartz, tlic towers can be 
reduced in size consdderably, and as th# cosst of the tnw'ers is iLsually 
about four times the cost of the tilling material: tliLi meaoii much 
cheaper towers. 

The chemical equations are as follows: 

Tn the electric fi.irnace from C* down to LOCX)'^ C., iiitri<r 

oxide, a colorless gius is formed— 

Nj-|-Oj=2NO (nitric oxide). 

In the oxidation cliambers, eU\, from 500'* C. down to 30“ the 
red-brown gas nitrogen peroxide is formed— 

*2NO+0,=2KO, (nitrogen peroxide)* 

In. the four acid absorpticjn towers the nitrogen [wroxidc combines 
with water to form nitric aetd and nitrous acid— 

2NOjd-H,0=HXO+HNOj (nitrous acid)* 

As the nitrous acid is linkable in an aqueous solution it nitric 
acid and nitric oxide— 

3HN0,+H,0=IIN0,+2N0 (nitric oxide)* 

The niti'ic oxide then combines with more oxygen to form again 
nitrogen peroxide, and the above equations are repeated— 

2 N 0 + 0 j= 2 X 03 (nitrogen peroxide)* 

Wiat is left of the nitrogen peroxide and tdtric oxide gases pass 
to the fifth tower, when thej- meet sodiuna hydroxide to form sodium 
nitrito— 

XO,+XO+2KaOH=H.O-t-2XaNO (sodium nitrite). 

The nitric ncid of 40 per t^nt solution is sprayed outo culcium 
carhunate. and the carbon dioxide gas is driven off* leaving calcium 
nitrate-* 


2 llNH\+CaC 0 *^C 05 + 140 +Ca(N 0 ,)j. 
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The solution ig then pumped into soliditicatwifi pans, under which 
cold oiF is circulated to ac^emte coolings and the nitrate nf lime 
fititfeiLS into a brittlet crystnlUne mass, ThU is broken up into lumps, 
which pass to ball crushing millst where it is reduced to a granular 
j>tate. The cnam powder is tlien missed by an elevator into a hopper, 
from the Ijottum of which it falls into barrel wlitcb hold 2 hundred¬ 
weight. The^ barrels are lined with pa^r to guard against damp. 
The analysis of the commercial calciiiin nitrate, Sorwegiun saltpctefj 
or nitrate of litue as it is variously eallcti, is given in Table \* 
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With die Birkeland-Eyde process, 1 kilowatt-year to 

rir>0 kilfigrani^ of nitric acitlj or So3 lo P35! kilograms of nitrate of 
lime. The latter usually contain^i 13 per cent of nitrogen, Tvhich eur- 
responds to tll to kilograms of combined nitrogen. It is 
guaranteed to contain t2f per cent of nitrogen. 

The 1>est result at Jfotodden has lieen &00 kilogrunis of tiitrie acid 
per Idlow^tt'-year measured at the arc terniuMb and allowing for 
too per cent nitric acid- 

The percentages of nitiT>gen and compiurntive prices of the various 
[irtilieial manures are about as given in Table VI. 
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THmitV OF FIXATlO?i, 


The problem is to raise die temperature as quickly as possible to 
over the igniting point of nitrogen ind oxygen and thee immodialely 
to cool the fixed gas and draw it off. The temt>erftttire i>f the burn¬ 
ing nitrogen and oxygen flame is lower than the igniting point by 
abotit 200"^ C. There must be a ^hot-cold — that is t* aay, a 

sEone in which at one [jart the temjierature is enormously Uighj and 
at anodier part the temperature is as tow as poBsible. 
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iVa tlie electric itrc gives in nn manner the leuiperature above 
ignition point it is principally used. Some expcrimeatej^ contend^ 
however, that if by using a flame of carbon monoxide or .'i sprayed 
oil flame of carboliydxatea a leniperatiire none that of the electric 
arc was reached, then the results would be equally satisfactory. Tliey 
point out thal tbe igtdtum of nitrogen and osygen takes places at 
l.SW'’ C, and as tlie tcniperuture of the electric arc Is well over 
2.000* Cj it is really mncli lighter than is ncccssairy. 

It ia not at all certain, however, that the effect is merely due ro 
tetnperature. X more pnibahle liieory is tiiat some of the osygen ia 
first formed into ozone and that farther on in the are the e^itra atom 
of osygen splits off, and being in a nascent c<mdition readily com¬ 
bines with the nitrogen. In tins connection it is interesting to note 
that Sir. d. J* Thompson has demoii_strated that under certain coii' 
ditioiis N. doe$ exist. Is it possible that and are first formed 
and then the fiascent atoms combine? 

It is known that nitric acid ia formed on the windings of high- 
iension iilLcrnators and this is apparently due to silent tlischargc at 
normal temperature and presaure. 

Mr* Crarnp^ whofse investigationB into this subject deserve tu Ihj 
l?eitcr known, sa}T 5 , in n communication to the writer, tliat he U quite 
certain that ozeme does enter into the problem, and that if the ah' 
charged into the furnace had ozone mixed w^Uh it, there would tw 
an Increased yield of fixed gas, A very small auioinit of ozone is 
likely to have u considerable cfFect^ 12 parts in 1*000,CKK) is a high 
licrcentagc^ In the Oiitrul Loudon Bail win- tube the perrentago is 
only 1 part in 1,000.000, and yet the ostane in so powt«rfiil tliat iu 
characteristic odor is quite noticeable* 

The photogmph (pi* i) shows that witJi alternating cniTcnt the 
arc concentmteR on one side, and the fact that oaonc is a conductor 
may be partly ur wtiollj res^Ksosible for ihfe. 

On several fjccasions it has l>eeij ??uggested Uiai the yiehl would 
be higher if nitrogen and oxygen were pousneil through the furnace 
in combining proportions iiisiend of in pixiportions in wliidi they 
exist in air* if nth man says, however, that the proper proportions 
are one of nitrogen to two of oxygen* and hi a explanation is that as 
NO, u easiest to form it is* therefore, formed first 

Several methofla of fixing tiUrogea have been pmposed which do 
tiol depend on electric power. The principal one is due to Prof. 
Hober, and it is of special intci'est jusi now* because the powerful 
GcxTOEin company, the Badische Auilin nnd Soda Fabrik. h experi¬ 
menting with it. 

Thu gases nitrogen and hydrogen in the proportions for forming 
Into ammonia are brought together under a pressure of 175 atmos¬ 
phere^, and they are Raid .to comhine in the presence of ii catalysor^ 
such as osmitim or uranium. 
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THK lUUKA^FOS rXSTALI^TION. 

The Hjukan ingtnlialiDn is b^itint ted in Yest fjonldiil eiii East Tet&- 
market]. The saUpeter factons are sittiat«d at Sanheim and the 
hydroelectric power plant on the Miu^ne River, half a kilometer 
away. The power installation utili^ part of the w'el!-known 

IljiikanfoE?,*^ and has a workiDg head of some 274 meters ami a dis¬ 
charge of water of 47 cubic me tern per second, ^Fhe. total electrical 
cnergi' in Uie p<iwcr siation is nbenit 140,000 horsepower^ divided into 

10 units, each of 14,450 horsepower* Each unit is^ however, capable 
of producing 16,500 horsepower, and they are thus tlie larged hydro¬ 
electric units wliich have yet been constructed* The generators give 

11 piHfejsurc t>i 10,000 volts, and the total energ}^ is transferred to the 
nitrate of Hnjc factory through a trunsroi^ion line, for the most part 
iiiacle of haix! aJuminiiiin conductors. 

In the factory some of the funiai^e^ ate of the Schonherr eoastruc- 
tion (of the Badia^rho ^Vnilin imd Soda Fabrik), each of 1,000 kilo¬ 
watt-:. They are 28 feet long and require 40,000 cubic feet of air per 
boor. The other fumacefl are of Birkcland-Eyde's construction, each 
of 3,000 kilowatts, ( See pi. 2.) 

The gases from the varioiia furnaces have a temiicratuFe of about 
fiOO^ C. whca lea ring, and they are led through brick-lined iron 
pipes to the coolers, vrhich are mounted in a separate house. From 
there the gm goes to the absorption towetu* Ths^ towers are ar¬ 
ranged on the same ^'stem as at Xotodden, namely, acid absorption 
for the greater port of the gases and alkali ones for the rest. 

The liujiual production wilt amount to 70,000 tons of nitrate of 
lime and 8,000 tons of nitrite. It will be esported in wooden 
ejcactly as at ^^otodden* 

Bcgarding the question of the type of furnace, Mr* Eyde wrote on 
Febniary ID last, sayingi 

Tli 0 reffoUa acw at hand fmai tUe trinl amnagemeiit are not auflLc-leat to 
antltte ns to JuUa^ which cf the two Ejatema—the EatliBche or the BlrkeUiad- 
^yiie ar*ieni—I e the aiore profllable oae. For the present It maj be ilcclan-d 
that the prtseeede by twlli ayatema very {Ucoly will tarti out to be approiiniitcly 
the anme. As you wtU Dole, however, tram the aboviNmenttpaeil lIjniE^eA the 
Hlrbchind'^yde faraaeea mbj be couitrucieiJ for n coiialderabl}- neater enentr 
tlijan Ibe nthor 

A eecond power plant la now QDdcr coiurtnicUoa at BJukan, Int^ndiiHl tor tli$ 
Ifmllotlott ot Bonie 130 jOOO honsepowor. which will UbevHse be ubmI for ihe 
DtimufActhte ot nitrate of Uaae. 

l>UT cominimy la further coimtructinif ti thlfil iiower laatannEiau, Vnuana, on 
ihf* Olomtnea tUvtr* by which will he pn^doced lOjOOO boTHpower, of which 
bO.ODO ho^aol^ow^a^ wm be utllLieil for the manufacture of altnne of linm. ta¬ 
el adllig the fjicTory at Notoddiat, wo viU thua In a Bhort Uiiie aiilJie Ea nil 
37 DkOOO horBeiwwex fop the maniitqcturv of altnte of llmt 
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II «ouM ap|«*ar (hat ihf* Hirk^lunii-Erili! fiirnnce i& prefernHi to 
the Si'honherr. lieoaube it Is more «oitipiiet and i-heBper lo build. The 
Si'honhcrr fiiritnct* lins tii ire littih vei^' high in order to inereiuie ite 
output« and this intrfjdnrcL^i cocstnirttniial dilBeultics!; also the diffi- 
eiiltj' of keeping tin* are from striking into the aide of the tttbo. 

The present plant insists of 10 generator turbines of lt.450 horse¬ 
power eacfi. 5 of which were eonstnieted by J« Voith, of Ueiden' 
helm, 5 by Eseher & Co., of Zurich, and I escitcr turbinO of 
t.OOt) liorsepower by Kruemer Bnig, of Omstiunia. The 3-phase 
olectrifrtl giMiemtors coupicHl to the Voith turbines were ma^ by 
the AUmiituiu l^vensku, of Viisieras, Sweden, ond those driven by 
the Eacber Wysis turbines were .‘uipplieti liv Brown, Boveri ,4 Cot, trf 
Baden. Tlie wiiole of the switebboord etjuipment was instalied by 
tbe B'estinglioiisc (.’o, 

Tlic tuHunes are fed by indi vidua 1 pipe lines of mi Dimeters 

inside diameter at the top end and t J!M)0 millimeters inside diameter 
at tlie bottom end. The length of each pipe M 720 meters (2.3€0 feet >; 
the tipptT JiOO meters consist of riieted pipers, and the longer lower 
part for liiglier pressure consists of w'eldei] pipes. The riveted 
pipes were supplied by Frederiksiad*3 mek, Verksted, Frederikstad. 
Xnrw'uy, and the welded pipes by Artiengesclbichaft Ferrmn, Zaw’od- 
zie near K&ttowitz, Ctermany. The supply and laying nut of all of 
the pressure pipe linct, was done under the BupcriniendeJice and on 
the responsibility of d, M, Voith, 

Each turbine is designed to work with a net head of 274 meters, 
and a normal output of 13,000 hoisepow'er, when running at a speed 
of 2o0 revrduttons (>er minute. The output may be increused to 
14,450 horseirower. 

The main sluice valve of 1,000 millhiieteis is Btted on n taper mn- 
nectiog pij)eJiod the valve is operated by hydraulic pressure by means 
of a rylinder witli pbtou and a distributing valve. The piston rod 
carries a relay which eonneets it to the valve, thtts preventing the 
latter opening or closing too quickly and insuring perfect .safety. 
The distributing piston is designed and dimensioned to allow the 
valve bebig opened or closed under full pre5isure. This valve U 
provided, however, with a by-pass vahe 150 millimeters inside 
diameter. 

The ttirblnes are provided with twin Pel ton wheels, each of which 
is driven by two nozzles. In the Escher Wyss turbine the lower jet 
does not strike tlie buckets until the latter have cleared the upper 
jet. Each of the runner wheels, which are mounted 1,800 tnillitneters 
aitart on a horizontal .steel shaft, consists of a separate hub uf cast 
steel, and on the circtimferencc of each 22 east-steel buckete ore 
fastened. The buckets am held by means of two rings, whldi pro- 

su JOJ3- 



370 .VNNl-Al. HEPORT FSSTTITif'nXTAX l^i^TTTVTlOS, 1R13, 

vidt* thut t\wTC ^^hnJI ai>t be miy on tlie boJtH, sind yi'‘i. pre^-ent 

ihe biicbvU geiting 

fiearinffg ^—^The turbine shafts which is of iSiemenij Martin ^teeU 
is supported by two ring-lubricated bearings of 3S0 dbim- 

cter^ and its diameter h increased to 170 and 4S0 ifiillimeiters v^bere^ihe 
mnner wheels are mounted- A fogged-on Range coupling transits 
the whole power of the turbine to the generator sha ft. In addition to 
lobiiai.ting rings, each bearing is provided w'itb n separate pump for 
the eimilation of the oiK and pump is driven by the turbine 
shafts It dniws the w amt oil from the liearing^ passes it through a 
coil situate^I in the distHtarge pH of the tiirbirte, ami then pumps the 
oil a filter to the main idiaft ogaitu ThLs device greatly in- 

creases the safe ninning. The beurmgs have to wUhstancl tlie weight 
nf the shaft and niimers^ and also the thrust due to tlie water 
They arc supported by n sirong frame, which is grouted into the 
foundations and held fast hy anchor bedtj,;, 

—On the ^ime side as ilia distributing pipe there is a 
strong frontal irfm plate, to which the inlet Ijend and distributing 
piping are fastened. The upper lial f of the ciii^ing is made of wrought 
troji 10 mUlljjietera tlsick, in two parts ladtitl to the foundation 
franie and to (he fnmta] plate at llie center line. Wlien the run¬ 
ner wheel has to he taken out for repairs die upper part of the 
casing is oflf. At the side of the casing where the shaft comes 
Elirongh it. di-flector rings and water splash giiurds prevent any 
wnrer eiTCaping from the i^ng, For the purpose of inspecting the 
hiiihetH find norgies a pit is provided in the formdatiom^ liy means 
«>f whicli it is po^^ible to descend into the turbine chamber for that 
purpose. 

The turfaine-chamher walla are covered with iron platen from iho 
foundation frame up to the ceiling of the taiirnce. with a view to 
protect them from erosion as well as to prevent any leakages in 
ihe air ducts between the turbines^ 

largest diameter of the water jet when the nozzle 
If? fully opened is ubout 150 miilimeteir^ In order to reduce tlie regu¬ 
lating power the necdlfl rod is provided with a balancing piston 
acting in opposite dm^ction to two buffer springs^ The latter huvei 
the tendency to dose the nmllc. The power resulting from the 
dosing energy- of the needle and springs: and tlie opening energy of 
(he piston h h> calctTlated that ihe needle is always halonced^ no 
matter what the opening iin The turbine is regiilateiJ siifiulta- 
neemdy adjusting the four nozzles^ w’^hich are connected to each other 
by tnfans of ajed levers, A rod and lever connects the rega- 
la ting shaft to the jnain shaft of the universal oil-pressure goveniOT+ 

/rrwru;if^c^.-^For the speed governor and pressure regulator, as 
welt fnv Uic effiriency of the turbinea, the following guarantees 
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wero giTerL Thv tMrliih€^ tle^igned (*> deT^lu|j n imixunifiti of 
14.hor>ii?powiT wbeia working with a nei heaci of ST4 meters und 
iinming 250 m'oUitioiui pel* mi mile, 'fhe effieicncj" wii* to be 7l> 
per cant when the (juButity of wuier need wa^j 5^00 liters per -second. 
When ninning under the same coiKlitions of tfpeed and pressure and 
developing ziormaily 13^000 horsepower, the efficiency wajs to he 7S 
per cent arid the water iistnl 4,(^rjO liters per second* When toadi was 
suddenly thrown off lo the extent of ^5, .'>0^ unit i\H} jier cenU ihe 
varialionai. of sjpeed wett* to be Imviteil ti> 3.5 per cent, 7 iwr t^nt^ and 
17 per rent above nortmd and tlie maximnm bicrcaRe of presanre in 
the pipe line wwi* nut to ess'i^l 15 jwr I'cnt- 

All tliv^ giiarantt-i^ were ea^iily muintamed. Iti Mny^ Itlll, the 
pi[ie lini^ were Hlleil anil the turbine stniied for [he fir^t time. A 
nnniber of were then miTieil otit, and about three immihs later 
I he definite taking-over test^ of all the tiirhinei* were nuide by ifr* 
Geheinirut Eeicheli. profcKsor of the CliarlnttenLitirg Technical tiehiM}! 
of Berlin. The nutprit of the Ui rid ties w^as measured by electrical 
means; tlie quantity of water used was measured by the “Schirni 
methods ^ hi the lailriice. The highest effieieney that was attained 
ivas per rent., with an effective turbine output of 11,000 hori^' 
power. With nox^tles fully oj^encil I fie maxinium eifective horse¬ 
power of the turbines was about 10 * 000 * 

The maximtita increase of s[>eer] was 15 |wr cent^ whilst the in- 
of prejsure nbfive static bead did not esreed 10 [>er cent. 

The five Esther W yss turbines are each wnipled to 3-pha^^e gen¬ 
erators, made by Broivn, Roveri ^ Co„ of Baden* 

At a power factor id OJt each macliine gives ITjOOU kva* al 11*000 
volts, 50 (iierirjds per oeconeb One id the machines gives^ the whole 
of the iT^fXK) 

Four of the units are of the double gerjeroior ^yp^f vctlU a shaft 
common lo the two. The two armatures are 3fepara(e<l by a fireproof 
partition, so that if a coil of one should be burnt out the euils on the 
other machine are not affected* 

AUowing for windage and frktioii* the guaranteed: efficiency is 
per cent for the double generator and per cent for ihe single 
generator^ This is at full load and with a power factor of 0*ft. 

The voltage difference from full load to no load and vic^ \*et^a is* 
lt4O0 volls^ Tills may be necessary by th© eondilions of working the 
ftirnatre?,^ as they are nry subject to jiudden changes* 

The total weight of one generator h 205,000 kilograms (200 ton.s). 
Xinetydwfl thousand kilogi'am^ go to the rotating field and shaft. 
The armature weighs about £K>|000 kilograHts* 

The armature stampings are held in petition in the cofrt-lron 
armature ring b_v vee grooves. Cast-iron rings clamp the ^fampinjni 
at the ends and these rings extend to bottom of alotp* ITie outf^idc 
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ciidDieter of the armiittire is 6 meters and the inusiide ^JiaiDeter Ls 4+ 
iTietei^ The mdial depth of the liiuufiated stmciiire h ^1-5 oenti- 
luerm. To {lemut of overhflul uml repair tiie artoatwre is diddetl 
on horizontal diameter. 

The niJi^e^ wheel has u casit-Hteel hub and h-tuis. uad the periphery 
of the wheel le made up t?f ^lid foi'getl fileel rin^. To these riiig>» 
eajft'Steel jxjlet# are the ends of tlio poles being hiruiaated^ The 
[Hilvii are held by dovetaik and eotters. 

Till.' Geld jjoles ure wound witli l?are annealed topper on edge and 
all the pole wdodings are iti ^feries. 

The slip riog=i nre of east stt^l and carbon brushes are iised. The 
estifer k dirett coupled and gives 130 kilowatts at "i^20 volts- 

Krerr rotor was tested for nieduuiicAl strength hy being rotated at 
J,8 times the nnraml spee^f for half an liourt that k, at 4+10 revolii* 

I ioiiH per minute* 

The bearings are supplied with otj tinder pret^ure and the oil ia 
c^Tolwl by water eoik. 

The other Gve turbines supplied by NL Yoith are very similar 
to I ho above^ with double-njnner wlieek and two nozzles to each 
nmjicr. At the oflicial teMs all the guarantees wore ex«HHled. 
C^*oupled to each of the Voitti iiirbiru^ k a double kva^ 

IKCW volt$* 5t>-c3'de, iJiree-phsKe generators made by the Allmannji 
Sveriiska Co. EaHi eonsisls of two fy?penitc arnmtures and two re^ 
vniving Gelds on a L-o^iiitioii shaft running on two I^atin^ J%y 
reason of the highly mdtictive louil on the generaturs. the PF is 
only but with PF=iinitT, eaeh niarhine would develop up to an 
ifidinilual capacity of 23.000 eiecrtriiTiil horHcpower, Each double 
gener^Uof weighs 250 tons. 

Figures I anil 2^^ plate 3, are from photographs of gofiie of the plant 
used in the KjukanfoE power hoiL<^* 

pArTj:x<j rraxActL 

This fnmare was invented by Mn H, Pauling, of Gelsenkirchen, 
Westphalia, and be took the idea fTom the well-known htirn-break 
lightning amfeter. As in^alled at Gelsenkirchen mid Innfihruck it 
f^nsistn of two hollow itfui decirode^^ arranged to form a vee^ which 
at the lowest point Is about 4 centimeters 3 ctt>sa, as shown in 6gure 5. 
At this point there are two lighting knives, which van np^ 
proadiefl to within a few millimeters and are readily adjiLstahle. 
The arc strikes across and rtms up the diverging elfttrodes by rea- 
NDfl of the natural convection currents^ and the repelling action of 
its own magnetic field, but principally beenuse of a blast of heated 
air from an air-duct immediately lielow^ The arc divergee ns it 
follows: the ^hape of the electrode!?, and it attains a length of about 




PLATt 3. 
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Li van]. A| eaL'li Ludf-penoii uf aU^j^atiiig inirruiit n fivali arr 
{orttm^ scr that th^ re^ull b the equivalent of a triangular of 

Aji iJupurtHDt feature is that tic waJl ivlikh dividesi tiic two parts 
of the furoai'c la hollow, and ga^ and air which ha^ been through the 
furnacu previdusly and been cooled 13 blown tJiniugh thla centra? 
pawyige. *Vs will be no¬ 
ticed froTici hgLire this 
coo] gas an<l air strike^ itito 
the top of ihe are ttanie^ 
and it serves to 000 ! the 
gases which have jnst been 
formed, Tlie two arcs are 
iu aerlGs^ and the fnmacea 
work in jfiets of ihree—one 
to phase. Eqcit fur¬ 

nace * Ihereftire. receives 
single-phui^ c II r re lit at 
iij00i> Volta* oft periods jjer 
^eooriiL 

At Gelsenkirchen there are 
24 such f umaecsveach taki ng 
400 kilowatts at 4,000 volts. 

The an^ are idarted by 
means of copper Htarting knives^ which can i>e appntaclied tn within 
a few millimetetii at the boltom, when tlie two horits cmiie together* 
^Vheii tlie arc lias been btartecl, these starting knives are withdrawn, 
and the larger space Ijetwoen the electroiteg is then sufRcicnt to let 
the hot air from the tuyere through freely. The starting knives 
last 20 hcitiris, whereas the main electrodes* which are of steel and 
water cooled^ lasst 200 hours* 

The worke of Xitrogfene Cici at La Boche-de-Riiinej Hauies 
Alpeiif France, have nine Pauling hom-arrester furnaces of linrac- 
power ^ach in operation, and nine niore^ of 1,000 hof^^power each, are 
being addedp 

The general layout of the plant is sliowii in figure and it wtU 
lie noted that tlie fiirniice& are arranged in sets of threi?—one furnace 
to each phase. 

The fresh BIT for the furnaces ia supplied by a 2oft“hor^§epower 
turf>OH:ompres?H>r^ nitining at ZfiOO revolutions, and before it gets 
to the furnjice luyirea k paj^aes through a preheater. The air travels 
through the furnace at feet per second. 

When the gtisea come from the furnaces their temperature is about 
iMQ^ C*, and the nitric-oxide content 1,15 to Idi jier cent Tliey 
first pass through the preheater, and give up some of iheir heat to 
the fresh air going to the furnaces* 



















S74 


ASKUAL ftEPOSI HMITUSONUX 1N^TITIJTION^ W13, 


'n^e giX^ then pft*s through ih^ two t.‘tN 3 lmg towers^ wliieh are 
ouUide the furnace hoiii^. Eitch of these towers is Itl feet in diame¬ 
ter and 40 feet high^ and filled with fire brkk- When the bricks of 
one tower have become hot the gjases are switched over to the other 
tower- Fresh air is then drawn through the heated tower by rneam^ 
of the chituney (feet high)^ and the brickwork in it is thus cooled. 

The gases are sucked out of the coolitig tower by a 15 -horsepow'er 
fiin and forced intci tlie oxidation tower, which i« built of reiaforceil 
concrete and measures 33 feet diameter and T 5 feet high. Here, the 
tciiipemtiire having fallen to 600 ^ oxidation to XOj goes^ ijh 
rapidly. 

From the oxidation tower then' are two pipe lines, and one toJtes 

some fixed gns and air back to 
the furnaces, where Jt U 
through t he central passage 
anti in contact with the 

freshly fLved nitmgen at the 
top of the arcs. In thih way 
the fnssh gas is cooled withmit 
kdng diluted. 

A second pipe line, of iilmni- 
miim^ takes the remainder of 
the giisea to the alist>rptKm 
lowers, each of which con- 
tairiii 1250 tons of stoneware 
packings. The gases pa.ss from 
1 to 5 t whikt the wn ter^ grad- 
, . ualh' accumulating mon=! and 

fl.—TBEL^T<arrorTilT4;>lSvnT T.a XrmMilirK ^ -i n - 

c»,rM4ftcK. more acid, flaws in the oppen 

site direction, namely, 5 to L 
Mnntejus opcmtcil by I'ompressed air raise the sotulion to the top of 
I he different towei^ 

The coucentradoTi of odd at bottom of No, 5 tower is about 5 ® 
Beaume; at buttimi of No. 4 it k fl*; at bottont of No* 3 it is 15 ®; 
lit bottcau of No. it is 25 ® j and at bottom of No. I it is 35 ®, which 
^’orresponds to fihout 40 per cent of HNOi. 

The ga^ from No- 5 ab^rptioD tower still contnin a smiall amount 
of NO and NO,. They are pas^l through on acid filter, in which 
the Inht traces of acid are cotifleiLsedj and then |^ss to the nitrite 
lowers. llH'fte ooiiLuin sodium-carbonate aalution, and the gases 
react with it to form ^fodititn nitrile, having p concentration of 20 
per cent. Tliia k submitted to evuponiiion, tlie hot furnace goa^ 
liein^ used for the purpose^ and while stKlium-nitrite crystals an* 
tibtjihied containing per cent of nitrite and 3 per cent of nitrate. 

The nitric mtid gcies to the scid concentrators, in which it passes 
through a s^rif^ of ptirrakin fused quartz vesscU arranged in 
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BUinrav fashidu. The neiil Ls also hoatcd by ^Hract aontact with hot 
gases whii-h cotn? from the fiirrmcfr These psaec me thus charp^ 
with water and iiltrie*ueid va|H)r. 

To condense the acid the ga^ are passed through a cooling coil 
of gtoncwnrc, which offers a large cooling surface. The rctnflinder 
of the gases then pass to the oxidation tower and mis with those 
(Siming from the fumace, 

Tlie acid obtained by tlie process v$ Beaume and contains .V> 
per cent HNO,, The concentration can not go lieyond 60 per cent 
hy this process, because the vapor produced has a concentmtion 
which increasPH with the concentration of the solution, imd for Bfi 
per cent the vapiir pi'OiUiced has exactly the compiipition of the 
tiipinJ. 

To obtain bi fdt er concentraliuu other procisses must be restiried 
to, nii.l as high uh KS per cent ran Ik- obtained. 

Some idea of the efficiency of the plant nmy be obtained from 
the fact that Mr. Pauling guarantees IKl grams of 100 per cent H^T), 
per kilowatt-hour of electrical energy, measured at the entrance of 
the electric Irnnsmission line into the factory; and also that the 
elecirochemical plant pro[ier will (Xist about 120 francs (£5) per 
kilowatt, 

The Southern Electro-Cbemical Co., of NitroSee, S. C., in tlie 
United States, has a 4.C00-horMpower plant on the pawling system 
fur inantifacture of cnleium nitrate. Elctdric energy is generated in 
two water-power plaiita at Greiit Forloi and Rocky Creek. 

O.VUTI'M CYANA.MDUl 

The discovery of rale in m cyaiiamide came a bunt as the result of a 
reaearcli by Dr. Knmck and l>r. Cartp. who were folbiwing on tlie 
lines of aome previous work of Playfair and Htinsem Their imme¬ 
diate Inject was to make cyanide of putnssiiim for the recovery of 
gold from tailings, and tlicy incidentiilly found that bariotn carbide 
absorbed nitrogen to form barium (‘yanamide, Ily using lalciiim 
carbide they olitaincd a similar reaction, according to the formula— 

CaC,+2X=CaCX,+C 

It was then found that by treating calcium cyananitde wltli hot 
water it gave off ammonia according to tlie et|URtion— 
CftCXj+3H,0=CBC^,+2 (XH,) , 
aiui this gave rise to the idea of using it as a manure. 

As carried out at tW Odda Works the calcium carbide broken into 
lumps is delivered to crushing iiiflchincs, from which it passes to 
mills in whicli it is ground line, the whole of tber^ operations being 
effecteil automatically in an air-tight plant ao as to prevent acetylene 
gas being given off. It is of interest to note thai the glowing omss 
from the calcium carbide furnace can not be uajd straight away. 
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llie |Kiwdfir tii th^n iHled into dtvtric funiactti, of whkh^ in the 
first iDstaUaiion at Oddu, there tire lIMi, earh holding 300 kg. 

Figure T is a rough f^ketcb of the funlace, and it will be noticed 
that down the center there is a cardboard tube to provide a space 
for ibe cftrLion pencil* After tbo carbide baa been filled in the carlKiii 
pencil is fixed in portion and the lid fastened do^'n and made air- 
tigiit. 

Alternating curmit is now switched on lUid the tempeniture is 
raiscti to 300® to 1^000® C. The cjirdboard tube and certain card¬ 
board partitions which had been placed in the fiirtiaee w'ben ibe 
calcium carbide was run In are burnt up, and they leave spacer which 
allow the TutTogen ga^ which is admitted nnder pressure, to circulate 

freely. Electric current b 
kept on for 25 hounk and at 
the end of 35 hours all the 
nitrogen ha^ lieen iibs^orbecl, as 
shown by tlie inetcr. 

At Odda this nitrogen is 
mude by the Linde distiHation 
process, hut in one of the 
French factories the Claude 
process is used, 

Tlie 196 furnaoee make 
about 3t> tons of calcium cyun- 
amide, conhiTiiing Ifi per cent 
of nitrogen, per rlay of M 
hours. 

it is turned out of the 
furnace the cyanHiuide lookif 
like black cHnken After be¬ 
ing bruken up it is ted into 
jaw crndiers and tlicn goes to 
roulette milk, where it is 
ground up fine for market. 

It k then packed in a paper-lined bsg^ uduch is in a jute bag^ For 
ttopicul countries tbens are two outer jute bugSL 

Ke^tntly improvements have been introduced at the Odda Works 
whereby, with tbo same amount of jiower and labor, the output has 
tieen inercated from 12,000 tons to 15,000 tons per annum. 

The furemces ate now being made to hold 450 kg.^ instead of 
300 kg* Another improvement is that the cjanamide b treated witli 
enough atomizeii water to reduce free carbide to less than one-half 
of 1 per cent. 

From the point uf view of engineers in this comitry, the installa¬ 
tion of i . li. Sfickstofidun^i* Kiiap.-iack in Germany (see Table 
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IV) Jfi [J<>rhiip« the intenastuig. G*d is gwiemied from t-^heap 
brown coal and Lt 5 Jifci in gas engines to g'snenstc th^ el^tric currenL 

Although caleium cjanatniJe is iiiostl;^ employed as a niannref it 
has other uses. For esfliuplet by treating with superheated ^Eeam 
very pure sulphate of asnmonui lis obtained. Also aaitiioniuiti nitrate 
and dicyandiamide are made froin It. 

Exrw^si\Tv<, 

Altlinisgli manurea form the mo in outlet for the produii^ of ibciie 
electric Elation of nitrogen processes* there are other important uses* 

At the Xotodden poltpetcr factory ammonium nitrate U made by 
bringing the nitric acid into contact with ammonia liquor from our 
English goh works. The aminonia nitrate crystallines outi and when 
dry It contains 3ij per cent of nitrogen, and it sella in this country at 
about £27 a ton. It b tlie principal cunMituent of many of die ex¬ 
plosives For mmcii. 

Dicyandismiilc, CyKiI!** which is made by treating calcium cyaiM- 
inide with water, when it crysiullizeB into broad ntidies or prkrub: 
is being used for nnxing with explosives* It contain.^ 66 per cent of 
inert nitrogen» and is used for lowering the tempereture of the es- 
pk^inD« 

This is of iniportancL% because ordnance powders rapidly destroy 
rifling in guns on nccount of the high temporatnre. The importance 
uf this is shown by the statement made ptiblicly in l!M)5 that the IS- 
inch gnn Mark \T1I used cm 15 Britlih battleships could not stand 
more than 50 rounds full charge. 

i^itric arid of course^ the main constituent of guncuttoitj dyna¬ 
mite* and smokeless powdere, etc., and at the present time we are 
mainly dependent on over-seas supplier of rew material from which 
hi make the acid. In case of war we should undouhtedly be in u very 
serioii? po^itioni for whereas nioat continental countries have plonti? 
for the Exation of nitrogen fram the air, this country does not make 
a single ounce. 

It will be remembered tliat at the time of the Xapoleonic wari* tbi^ 
French had diffiriilty in obtaining saltpeter with which to make [hjiv- 
der^ ii behooves ils, therefore, not to be caught in the aaine pmlica- 
menu A few rounds from a broadsicle of modem guns blows aw^ay 
into tlic air as much nitrogen as was used during the whole ciotiF.-’C 
of ft war of the last century* The necessity of having factories where 
explosives can bo made to any amount, and qiiite independently of 
raw materials from overseas* is therefons obvIouB. Even if the prod¬ 
uct could nut Ht Erst compete in price with existing mippHes* tlie fact 
that it was a nece^^sary addiliou to our national assurance against war 
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would jusatify the establbhineTit rif u wnrkw tP fix the nitrogen of 
the df. 

Varioutt Goverument factories for tlie supply of munitions of war 
do not pny, from a strictly t^ompotitive point of view^ yet everyone 
recognizer that they must be kept up. 

COST or I’OWElt 

It will be of interesit to toagjder brit^fly what are tlie proapeoia ns 
regards the maoufai^ttire of oitrog^noiua prodiurU irt this country. 
Tl^e problem is, of Ci>urse, mainly otie of ehenp power^ btit to make 
it worth while there must also be fi large supply because some of 
the furnaces take 1.000 kilowatts and upward* 

In Scotlnnd there are i^ev^eral water powers waiting to Ise hurnesaedT 
ami oue has been Uivcstigated w-hicli will give 10*000 kilowatts for 
a. capital exjH!iiditiire in bjdraiiUe works sod electrical plant of 
1^200*000* or SO per kilowatt installed. It is estimated that electrical 
energy roujd be turned but for per kilowatt-ye«iv after allowing 
10 per cent for intete'.'it and depreciation. The power is capable of 
extension. 

In Norway el^tric energy Is sctiialiy gold at about SOs- a kilowatt- 
year, =0.fr2T^i per kilowatt-hour, fn>ni which it Avonld ap¬ 

pear that the cost nf !n..‘4tallation is about £10 per Idlowati of pijinu 
and a citu-Hiderably lower rate than 10 per cent is allowed for inter¬ 
est and depreciation. Of course the ca^rriage of the produdis from 
Norway to this ccnjntry is an item, but it would not be much more 
than t1» carriage from Scotland to the sf^uith of England. 

We know that very large steam-power stations with turbo-genera¬ 
tors can W built for about £10 a kilowatt of plant, because the last 
extensions at Ifanchester cost only £12 per kilowatt^ as shown by 
Mr. Eearce^s (the chief engineer) Hgures, 

vtr kw. 
k&ii oiled. 


Genemtln^ toaclilaer^i tnrtilne flHid€^rser+ allerruitor^ £?t 

BoUera, eroTtaiDisGem krttpertteatenfi, PteflW irtpeft. ccniJ and aah ronvi«yora, 

foanduIlona, __------ . - - - - — ^ 

sfticttcb leent for j^f^ceratora And 

nnltiltn^ with aCmoaiios _ S.O0 
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In “ Heavy Electrical Eiigineering,'^ Mi'. H. M. Hobart, after cart- 
fully cottsidcrlng all the details of a typical Bteam-power station^ 
comes to the eondusiDn that *^The compiete cost of a station well 
designed on modem lines for an output of over 100,000,000 kilowatt- 
hours per year need not exceed £10 per kilowatt.” With steam turbo* 
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generating units of 2ii.00f> kiiowatis. wKich are now Iwing made, 
tliero is no reoHon wHy the cost per kilowett should not come down 
as low as for Norweginn b 3 'droelen;tric plants. Further^ if instead 
of humlng the coal in boilers it is made into gas and by-prodiicts 
arc recovered, it seems likely that we ^all be able to generate 
electricity as cheaply ss the average for Norway, 

To show what can be done by a producer-gas power plant, tlw 
following e^imflte by Mr, Chorlton, of Messrs. Mather JSi Platt, [s 
of interest: 

(Mitrfr /fir ^rakr 

Vnpital CQtU: 

It'oiir 1,000 brttls^^ tsorfH^pqwi^r gna coniplerp ; cao[i]fM] to- foor 

uleeCrIc vtArlliiS Air eoiD^iwsor; air, water^ And 


exluiupdt plp^'^ ADd wmter pamim - _-- , ——^ 

ttuUdings, engine ftiundmloM, cranes and alldiWit, - . S^T7U 

EKtLHtifft beat lM>UArsi„ _ __ — 1,000 

S^witelitKiDrd Jiud wlHpg-. . __ - .. t.OOO 

Water tank Btid c<>oUiijE Tower. __. ^ -kXl 


Cdpltnli _ ^ __^ _ 2^ laO 


TbLii ia iMiitiil 10 juhr br«lce bonsepower. ar £10.545 per kUdwatt. 

on the bAida rvt ^HO tTreaij-four-boiir working dnja i^er 

Annum: 

on, \i“A«e, aiifi _ ___ Bfio 

ttepnlrw. riateu nnti tnxe^ DunlDteatiDDe, injacrfiiiLv, at ^UiiL 

;mr brake boreot"i^^'«^ hour ___ _ . liOO 

Wages—iililfta of one jhah at 40iiu 1 

TbreeeliiftaafojQi^niaani^ai^ - 

tniervAt ufid dejireclatlon nt tO per eont-- -- 2 r Ui 2 


Total riLEmktg &mt per imnnm- _ 4 * SMT 


AavainEng interest and depreelatlpn to be o»Jj per cent, the total 

rininlng eoitl Ik___----- 3^^- 

Tbo cnplti] rvift of n llnad pndueer plnnt capable of jslviiig for 

3,000 brake bortepoffep In,- ^ 13.21X1 

7'A^ rvitnlnp C 0 Mi at a Moftd proditcer-}^ plant int 

9,tiOO tons of HhAln--- -- —- — - NIL 

000 toon of belt jJlcklngP— --- „ _ NIL 

IpSOo tons of WAirte slack, at 4it per — 300 

ISOO tuim of wiLHlietl alaek. iit Sa^ por Ion-. . 240 

IfalatEiiArhce, Incltidimt mtes, taxes;, labor (IndiHlIng pAeklti|t>p steam 

|iower^ rapalrB, stores, etk^, at Ss. fkL per ton-^ ---- 

Sulphuric acld+At *{5(8. per toQ^^ - - - - - - OOTi 

IntciTest and depretrLuUon. at iO per real- .- - - - 1,320 


Bvimlng eott per aonutn^-^ ^ =--- 4*(KKi 
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Thi wuiild fur— 

Amm ntkLa Rl £12 pcr -- SiW 

TiiTp 15«l pet ton-. - 190 

Vaino vt BEB* noi 

Credit per nunttm.-- — -- 4,740 


LuutIdk ft net pTOflt of f4,T40 iesB f4.trJ0=£TlS i»r niuniwi. 

"iin* net co*t of €?rif?r^y, awomln^ Inter^^t aDd defnrrclBtlinj on e^ntloii nt H> 
iw^r wot, la 14.047 lvB8 I71&=£4,2ii2. 

TitU y to OlOuT [wr bfjiltfr boreepowvr Jiutir+ or i>.0^ru |wr klkiwntt-bour 

Tlje net coAt nf oner^* Assuifiin^ Interewt Biiil iliipreclatloti no RtntEmi tit 0} 
|(ef wfit. In 1<M mS=£3.lTT, 

Ttili In eqmi to 0.00^ par bmke borAiji«Kwer liouri kllowntt-bauri 

This QM2 is for 300 day^ of *24 hours, but for tin? full naruber uf 
hours in a year it becomes OXM^d. per kilowatt-hour^ or Slis- per 
kilowatt-year* If this can ba done with 1,000-horsepcjwer gus cji- 
then there isconaidprable hope for tlw future when the internal 
eoiiibustion prime mover is made in as liirg?e sisces anil ik^ rheapiv 
aH aieam turbines. 

At tlje pre^ut itipmeut, so fur nil fuel power i^latioriii are eoncenuHi. 
Uie position appears to be as folUms: 

For large prime movers of^ my^ C^OOO kilowatts and over the steam 
turbine is in an iinassnilable position. It is true that the Urg^ 
gas engine ha.^ been made in units of several thougund horsepower, 
but on account of its itlo^v speed and its cycle of operatiom the sisw 
for a given power is very large as com pared with a steum turhinfi. 
Its weight and price are greater, and the cost of foundations ami 
lioiiiing accommodation very much greater, 

Tlie gas turbine., or the plus steam turbine, woukl eoive the 
Bpace difficutty, but althougli mueb has been written on the theory, 
smi sf^me work has been done exjierimentally, this form of prime 
mover is still in tlie air. 

As regards the prodiicrion of ^&m and uf gafi for the aljove- 
mentionei] prime movers* it must he admitted that tlie methml of 
burning coal on fire grates ia less efficient thati making gas from tlie 
coal and recovering the ammonia, eU\ Also it is ncecssary to admit 
that there are mcelmidcAl limitations to tiie si^es of ordinary steatn 
boOei^ as at present constmeted. 

On tlie other hand* gas producer and engine plants eon not yet 
consddejeil altogetlier satiiifoctory^ because the gas is so variable in 
quality* ^Vhen ste&m is generate! 1 there is no doubt about the 
prod net. 

Witli gas, im the other hands there h no absolute certainty as to 
wluit its quality will be* It depends on the coal* on the condition of 
the apparatus* on the attention given by the workmen. If attempts 
are made to Increase tlie yield of tlie ammonia, then the gas is likely 
to be poor, and if the gas i^ of good quality, then the by‘products 
are apt to fall ofT. 
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A sliglit cfiiLDgc in rhe kind f>f cfonL and the whole of the gas appa- 
nttiH hn^ to I>e readjiustecl, and in the meant ime the gas engines may 
liare dropped to half power- On the otlier hand^ with a steam l>oilei' 
II chjingi? in the quality of the coal makes very little diflerence. The 
Aiteam coming awiiy is always of the same qiialitT. however much the 
foci mav vjirv. 

The Johannesburg liiisco is still fresh in onr minds, hut liefore that 
there had been siinilar troubles in large gas-power installations in 
Spain and elsewhere. compaml with the slearn boiler, the large 
^nis prmluccr is still a faulty piece of apparatus, nltlioiigfi it is being 
improvdl. On the other hand, the present type of boiler is iud 
td>ove criticism, for in si^e It has no! kept pare with the steamTur- 
hine prime mover. For e.\ample. ut the I^t's Road power hnu 5 ^ 
ihcie are eighi iMitlcrs for each of the kilowatt stear!i-tiirl>o gen- 
cnitfirs, and the cubic space oismpied hy the lioilcrs b alioiTt five times 
that c^cciipied by the stcaui-turbine seL 

In the near future, steatn-turbo generators will be n^f 
kilo walls and over—one of larger size than that is now under 
ron^l ruction hy Parsons St C’o.^—^and as the size of the prime mover 
increuseSf ihh space difliiuilty of the lioilers iils^> increases. It is 
ab^urtl that one turbo generator should require a do:;u^n or st> boilers 
to supply it with steiiui, 

A solution of the problem Is the manufacture nf the coul into gas 
with the recovery of sulphate of amzitonis^ tar. and oils. Then the 
gas nm?it Iw burnetl in much moi\* efficient Wilers than those at pres¬ 
ent in use. 

Hitherto gas-fired boilers have been of vt^rv' low cfEciency!, say. 
somewhere alxmt oft per cent, but with the new" method of Prof- 
Bone Hud Mr. C- 1^. McConrt an efficiency of over tW) per is 
iittaiTiahle^ The cvperiruental plants at Leeds and at the Skininy^ 
grove Iron Works have detiionstrated this Ijeyond a dmibt. 

The method depends primarily on mixing gas and nLr together 
in the exact pmi^rtions for complete combastiom, then forcing the 
mixture under pressJirc through tubes which are packed with pieces^ 
of refractoty materiaL The mixiure is fired at the outlet end of the 
tubes and striker back to the entrance end. The flamr quickly raises 
I he refractory material to an intense heat., and complete oombusiion 
of the mixture takes place in about the 6 inch^ from |>oint of 
entry. The eoinhustion having been completed, the ranainder of tlie 
material acts as a baffle toward the burned gases aa they traverso the 
tubes at high causing ihcm to impinge repeatedly on the 

walls of the tiibe& The evaporation is so rapid that the stealing 
troubles met with in otlier types of multi tubular boilers are com¬ 
pletely obviated * the scale being automatically shed in thin filnu^ 
about oui^-thirtieth inch thick as rapidly jis it k formed. 

The core of tlie material is maintained at a high temperature, but 
when it comctt in ^wntact witli the walJfi of the tube it is ro rapidly 
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cooled by tlie triitismi.s$in)i nf Ijewt to the Winer that ii nalv uttutns 
red heat. 

A boiler ere<H«l on this principle at the Pkiomygroee Iron Works. 
\ 0 rk 5 hire, in November last, had the following dimensions: Ten feet 
iliameler anil -1 feet from hack to front, 110 tul«s, uf A incLen 
iotemal diameter packed with fragments *d lire brick. Tim gas aii|>- 
plied frentj Otto Hilgetwtock coke oveivtt m misiHl witli little more 
ihoii its correct prcjpurlion of air, and ibv mixture h forcixl Into the 
liJ^ at about ■! inrhw water-gimge pres.stire. The cvu]Hjratinii 
0,500 piHilids of water jier hour, and Ijefore being taken over by the 
Skininygrovc Irtm ^Vorks C<».. it was ran fora month day and night. 

Wicii one considers that a well-known boiler to evaporate Ihl-SO 
pounds of water per hour occupii^ ala>ut 23 by (3 by 15 feet, it tcill 
la'! seen boAv great a saving there lh in space. 

On Febnmryai, 1812, Mr, Enifet lliiry, JL Sl%, wrote that 

Boacuart botter wlilch wun rtairost up on Not^iitner 7 last lu« . unlJnnvsj to 
wutk very- aatiafactorll}-; iw wn)rkliia ie» nTmowl cnitrcl^ automatic, and Ja 
Incladoi In die roudiie work nf llii? extuumt-rairlna aicn, wbo Imre 11 rnnalns 
inachloiw under tbetr cDtitral. 

■ne bolJar bits Ima off for liaqNs-tlan uf riit.ru. «-blch provott o. \w i-leiin 
", f'*' ■* ' "ttrlbuie to liiitlily miilii ebnllltltm. Imrlnp 

tba Jeaatb of dme tbo tKiiier hna lieai nt work wo tune bud no tmnhie witb 
priming. «( all dmes tbi* steam bnvtnc h«ii pcrfectlr dry, 

Tbe overuKe teniiiernrare af die wajUc jane# taivlo^ die i.lam t,ni* IhSfQ 
rb-si) C.. «-hlfb le iimpla proof of ibp liol let's t>lllctecc)‘. 

tMiei-nllf, I euiukliTec duit I be bolter bim coiue up lo expeetMtioua. I|. I# cur- 
tainl}- tbe cbeapeut aietbnd t.f ratnlbi! etmui wblch bim yei lieen deviaed. 

SIB WJf.LiaW: JLVMSArH PJiOPOSAI. 

The prop<i«iil to hum the coal in situ and bring the gasea to the 
surface, when the ammonia, etc., can be extnicteii and the gasts 
iiHiized for power, has attracted u good deal of attention. 

That the coal when firad will keep aliglit for years and give olT 
useful gases is quite well known. In New South Wales there is a 
seam of eoitl w'hich has been slight for many years, but it is near the 
surfsi'e, ami the ah* can get down fairly easily. ^Mth tlie deep seams 
of this country special provision would have to be made. 

tor burning out seams in old colUeries the scheme is verv at- 
trartlve, tiecauee shafts already exist, and there are many seams 
which are too thin to work in the ordinary way. The limit for 
cconomiral working appears to be 12 to 15 inrhee. Lidgett Colliery, 
near Bangley, worked an 18-inch thick seam for mntiy years, but it 
closed this year. There are, however. »veral other collieries in 
1 orltehire working eeanuj in the neighborhood of 15 inches thick: 
one colIJeiy near Wakefield having a seam 16 inches thick. In these 
very thm seams the men have to go along the gate roads laid cm low 
trucks, fare downward, and they propel themselves forward with 
their toes. It really is surprising that men can be found to under- 
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!att‘ 5upli (Ji k. nnd no doulif. its litw goes on, it will baromu iiitire 
and more difEouIt to get men for this work. Of course, those Tern? 
thin seams citn only be work«l when the coul is of verr good tiHality 
and prices are good. IVe mny take it, therefore, that. Sir Willian'i 
Ramsay's suggjstion bus plenty of scope iti the senms of under la 
inches thick, of which ihm* iire tuHny^ 

There are also many pits which contain the partit-ulsr coal known 
iia ■‘ca.nnel,'' which \s specially siiitable for making gns. A rase in 
point is the L«eti Valley rfail tield of Xottinghamshire, where the 
known ps '* topluird " will t*e worked ntit in 20 years. Now, the 
lop part of this scaiti curisisls of inferior oiitinel coal, and sine:* the 
pis companies Jmik to prialucing low illiuainating gas am] enriching 
it irith other ninteriulK than t-onnel. prartically none of it bus l>een 
raisdl to the surface, 

In the fire collieries of the Ia>cn Valley, namely Hnrknall, I^-nbv. 
Annesley, Best wood, and Newstead. there are millions of tons of 
caniiel mal, (n say u,rtbing of slack left fixim the seam of tophanl 
ctnil anri a great deal of timber. 

The shafts are already down and roads made, and suppewing that 
lower se«ms prove iinremunerative, then all this cannel coal could Ihj 
burnt oat for a supply of yhere arc certainlv IS.OOO acres of 

such coal within 120 mik-i f^mdon. 

KQt'AlJKIXf! TtIK IjOAD. 

The problem of ijtilisdng the eleirtric energy* of power stations at 
r^rjr^a when such stations are working on low loads is beginning 
n attract Uie altention ,t deserre;^ The ideal for any jx.wer hou^ U 
o ^«re a load of 100 per cent Ipad factor, and there is no dmiht 
that if greater efforts were made in this diriH-tion the price of power 
‘nould comp do’tt^u ccmsidpraljIV' ^ 

The valleys have been filled In, to some estent, bv power and trac- 
i'St “these also have to be supplied at the same Ume os 

^ting the result was not os beneficial ns jt wo* thought it would be 
Now an electrochemical or metallurgical proposition is quite dif¬ 
ferent, because such plants con often be shut down durine the <>4 
hours for an hour or two; the load can therefore be adjust4 to iust 
nil up the vaileys. ' 

The Yorkshire Electric Power Co. was early in the field with this 

"rTlmre1il7"!fr'^’with the oorbide of calcium plant 
at Thornhill. It IS of interest to note, by the way, that, this tiiwer 

I i^mpany is supplying electric energy to IS cotlieriefl. ™ 

At Irfgnano a nitric acid plant of 44300 kilowatts has been at work 

houre of tll^V‘^ operates only during the night and L-ertain 

hydreelectric^IlK f“ oheap rate from the 
Siergla^TetSt Lo^barda p«- Distrilnmone delP 

SOOOO volts it* f ,''***™”^ eupplied tre the power company ai 
t 1 and, although the price charg^ does not, trontpire.J* is 
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<*vidi*ntl.v at ,1 figure that etiahles fLe pi'wess to pay. h«.'nuH« au as* 
teoEion of PitWO kilowatt-^ is baiiig insta!]$d« 

A pro^al that is Uing senoDsly eonsideiod at the pi-esent tinw 
in India In the utilisation of thu water power from an irrigation rtam 
for the maim fact lUTo of manure. Owing to irrigation requirements, 
clecb-ir energy will only be available for nine months in the year, 
but that will not miltlnte against the manufacture, as nitrogen fixa¬ 
tion fiimaocs can be sliut down and ataHwJ up again at any time. 
The uw of water from in igntion danw to manufactnre maniires for 
the farmers gives doubie fienefit, and there are mntiv jjlaces in tlie. 
colonies, and in .VustinliR in particular, wliere such a scheme is 
feasible. 

^Ihe Inflian s<'hcme is for ^iO.OrtO horsepower, and it is said that 
inns of cakinm cyanamide, containing IS io 20 pt'r cent nitro¬ 
gen, ran be produced in the nine months with that power. 

r'i>.vci.t;S[C)X. 

We, us a nation, are sadly behind Coniinental countries in the 
esploiiation of the electrometalltirgicfll field, T( is all very well lo 
■'tart manufacturing “ when the business has steadied down,’" hut 
generally by that time the best has lieen taken out of it. The pro¬ 
cesses become ringed round with patent rights, for iiuturally the 
master pateDL<; go to those who first commence to exiiloit a t>m'eas 
com]nerG]all3'. * 

In the fiyatioo of nitrogen nearly all the pioneer work of the 
laboratory stage was done in this country by Dr. Priestly. Ijjrd 
Rayleigh, Sir 'Williom Crookes, McDougall and Howlof!. eb\ The 
iictual exploitation on a commerchil scale has. however, been effected 
by a Xorweginn and Gemian eEgineers, and the renter of gravity 
of electrienl enterprise at the present time appears to ho in .Scandi¬ 
navia. 

Tt ig high time for tlie engineers *nd biisinesi men of this rountiy 
to go into the matter to see why it is we are lagging behind, and 
especially to look into the question of cheap power siippl 3 '. Above 
evaytbing else, a progressive mdiistrial country wants cheap power, 
whilrf at the same time conserving its resouroea. We have carried 
luunicipal trading in electricity further than other cminTries, but 
have vm- little to show for it. There are a number of mtinicipal 
plants nm by committees of amateurs who know nothing about the 
budness, and who frequently have not the sense to pav decent salaries 
to engineecH who could tell them, mat chance have such planhi of 
generating cheaply! 

The big things of electrical engineering are now being passed over 
because we lack chMp power, and this Is especially the cose in electro- 
meriillHigy, TrVithin the next generation or so all previous work in 
vIectricitT* will look small against it. for the future is certainlv for 
the electrochemist and eiectrometalliirgist. 
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’‘™' fiirgtjr (liiui th« Uni tod Stutcs 

r. M f^i nnd our insular pcjtaessiofts. \ la™ 

crCv S„“,To’ chZ"- “ -W'k - 

»>€Jy JO n«i to Chioa proper, and are not essentiflt to its In 
in th^ (liipentieDcios from time to 

16 in the post, uikI the satne protesi mav ■t'i, 

jfX T's: *°"' ““ 

f the Lmpiw to eticli other nod to snrroutidi n<? eountries. 

whieh** po^essions, CMna consists of IS Provinces, 

jhich may b« ™n,pared in a general to our 8^ S 

m inces are, however, generally Jarger than the States and on th^, 

^ CfiinL>^ Provinces were, at least until within n year or 
^ Bffltrapiea mied absolutely by imperial goveruors or vLroFS, 

^.t rf^riTThe 

In afldition to this diversity of surface then- n\^,. „.., i 
of di„j.,. i„ ii„ 

thiK* of MoqtaQn nnd oentrsl .V^ominf;, while in Ut, Kratlieiirt’.h * 

^ rtrii^ f naurtnf ^ 11^ initihtrloa 
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It is 1 fni't wdJ known to giaologiKU th4it rotiiinenl?^, and th^tTtforc! 
countries^ have not alwava oxistjed in their present state, btil that thej' 
have been built as a rusiilt of jmeceaeive events and changes of condi- 
Liom, If vre were to dig beneath the surface in any ptirt of China, 
we Bbonld find Em one stratiun, and then another^ und. we F^honld see 
atsio that these stnitu have Ijeen bentj cracked^ and cjtbcrwLse dbturltoL 
Some of these struertures are old and some joung, ft would ba some¬ 
what like e^vvavating in an ancient city, where one house or temple 
haii been built upon the nnnw of its predecessor^ and each affords a 
crude record of its time. The geologic striictiire of Htieh a countiy nj> 
Cldiia has been determined largely by the rocks of which it cousists, 
partly by llie climate to which it has been atibjeet, but cbieEy by the 

geologic events 
which have 41 c- 
curred during its 
history. Ofeoun!# 
the beginnings of 
that Idstory air 
unknown, just as 
the huniaii bistory 
of China aiiades 
into darktici^a 
when we attempt 
to traco it lairk 
into the remote 
age^. But the 
present features of 
the land arc 
chiefly due to the 
later events iti its 
life, jttaJ these have Iicen partly worked out by the geologists who 
have ex^plorci] its surface, 

IVe may take a?^ a convenient starting poinl for our tuierpnetjition 
u lime far buck in gerJr^c chronology** when Cliina was a land sur¬ 
face which hail Ijeeii Pxpose<1 to erosion long that nearly all the 
liUla and mnuntiiiria that may liuve existeil there Viefore had lieen wom 
ftway, leaving a lebtively flat plain, with groupa of low hilia here and 
tlien*. The rocks beneath this plain were of varifTu^i kinda, most of 
them highly folded* Evc&tuaUy this surface waw suhmergeii beneath 
m comparatively shallow inland eea: and although iJie uneasy move, 
menbs of the earth^s body caused the sea Ixattoni to emerge occasion- 
allyT it rmnitied below the water nearly all through the geologic 
wldch 4H:>ni5tl^utp the I'alw^noir era. By the end of that time 
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GEOLOGIC iiretOSY OF CHINA—BUvCEWELDElL JlST 

we may pictune CKmn a shadow sea 1>ottc4ii rising very gradually 
to ft Jnatihy coastal plain on the east During the long Intm'eninp 
ogte&i the uccumulatioTi of sediments apan the bsttom had formed 
successive layers of timestonc, shnie, and sandstoncj which eveiitually 
reachwl a thiekne^ of 5*000-lO.ODO fi?et 

This condition did not hold without end* for eventwally * ^itr^>ng 
eompies^ve foixjcs engenderetl in the underlying body of the earth 
^queezecl the BuperHciaJ rcjcks into folds, and thus hul^^d the surfai.'e 
high above sea level in the region so atTeeted, By the prompt attack 
of wimbs^ gluciers, aiul the other agencies which arc inces- 

santlj Bculptiiring the surfdco of the earth, these derated dbtrietH 
were, even while rising, eaned into nigged mounttiinsji and cleep val¬ 
leys, so that the originnl fohh? were greatly dbdgured- even before 
the coinpreKsfve forces <-t!ased to operate. 

It is R faiii generally rei-ogiiixed anumg geologists that in iirms uf 
gwioglo time such episodes of eoinpressmn and folding arc shori 
lived. They are &tKm followe^J by much longer periods, during which 
the internal forces of the earth are qui^^cent but in which the crodvc 
agencies have free pbi_v- If any Innd remains inddinitdy iila>ve sea 
level and io not disturbe<l by movements from beiow^ the mountains 
and hills win eventnaJIy be worn away and there will be left otiIy a 
hmad, alnjost ffatureless, plain. It is believesi that China, in eonse- 
c|UHnce of such a period of quiescence/ was reduced to a lowland from 
which almost all of the preexisting mountains had been removed, Tu 
this condition it probably remained for more than one geo]f>git" 
period t and the westem part may even have been submerged Ixmeath 
tli€ sea which at that time eoverccl northern liitlia and part of Tibet, 
In thut sea were dep<isited the tliick beds of liiuestoue which are now 
found in ,^ine irf tlie we^em mountain Hdge^. 

Again, in the Miocene period the fortes of distortion within the 
earili accumulnted to sudi strength that they were able to repeat the 
mashing and foldingi hut this time the area ftlTecteti toy farther to the 
west and south. At the same time, or perhaps earlier, the eastem 
fiart of China was cracked in various directions; and the inten'ening 
blocks* set ill ng somewhat unevenly upon their bases, left a group of 
escarpments and depressions comparable to those now to be found in 
westerii Nevada and southeni Onjgon. iVs before^ the work of erosion 
and the leveling of the surface was at once aceskratodj so that even 
1 before the deform a tiun had spent itself the blocks were deeplv 
-i nrred. It la uncertain how far this periiHl of erosion succ^edecl in 
reducing China to baj=5e level. The consummBtTcm may have been 
prevented by gentle warpings of the surfiiec, rising very slowly here 
and rinkiiig there. When compared with the great breadth of ibe 
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ureas affected, tbtisc changes of level seem very slight, but they are 
nevertheless sufficient to cause great changes in the aspect of the 
country. 

Tt is one of the basal principles of physiography that streams tend 
to produce in their channels an almost uniform slope from their head¬ 
waters to the sea. If any part, of tlie channel is so flat that the stream 
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la trio slaggbli to mrtj scHlinient, it h built up until it readies the 
wjiiLrcd gradient I und on tlie other if uny part has too ateep 

jt dedirity, it U grudunlly woni down to the proper dope. In con.- 
a^ueiice of this Inw, tlie of Cbinei whkh were slightly bulged 
atove their original leve&j were ri?attfti*ked by the brandling ^rvsteiUM 
of river;* with renew'ed dgor. By curving out the ^K^fter roeW, them 
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have made (je^e[i vuHeys fiitli in ter veil inf: ntniiiiiain ninfShi. ."fjiiii' 
of the liirgor fiTPi'^, such as the Von^aOt miiintrtinftl their courses in 
spite of the slow nplifu directly otiiwurt their courses. A result is 
the matpriiicent series of gorpos along the centnil ViingtKC where the 
great river litis sawed its way through s slowly rising nia® of hard, 
coopkxly folded roeka. 

On the other hand, the broad areas which were depressed not only 
lielow the general level of htreaiu action, hut below sea level, were mp* 
idly tilled with sand, loam, and clay washed down out of the adjacent 
mountains by the streams. The process of filling the depressions is 
the e-vact complenieat of the prix’eaa of etching out the highlands, Ku 
doubt the rivers Irave been able in large measure to keep pace witli 
the sinking movemeni of the ground, so that great rivers like the 
Ifwiing may hare maintained perfectly graded courses ncroas the 
region of depression from the mountains to the sea. ’VTTiile thus en- 
guged in building up ite channel, the river in time of flood frequeutlv 
breal& through its low banka, shifts its channel, and then begins to 
fit] up a new and hitherto lower part of its siUToiindiugB. Bv the 
long continuance of t|i« pro^ of repeated ahiftiiigs and filling!*, 
the great easti^ plain of Chino and nmny smaller pluiiis have i»wn 
produced. It is here, where the jMpiilatlon is densest and the I'ivers 
least ronfined, that the devastation by floods and their atten<]ant 
famines is greatest. 

By this succession of eventii the surface of (’hiiiti, is believed to hare 
reached its modern condition. lYe may now consider it piecemeal 
and sec how the existing geologic conditions, which are the result of 
this long series of past changes, influence the habits, occupations, 
and even mental tralte of the people. Because space is limited and 
also because I have not seen all the physiographic divisions of China, 
II will not be possible for me, eren briefly, to JeatrilH' eitch of them. 
A few are therefore* selected to show the rnn^ip* of variety of the whole. 

The mountains of northeastcrei China, tyi>ifitd by the |jrovince of 
Shantung, are unlike those of the reift of tlu* country in several re¬ 
spects. Although the individual peaks are often shaqr and rockv. 
they sin? generally seiiaralerl by wide, flatdiothtmed valleys. The 
process of emsion has here gone so far that the rivers have already 
carried away most of the land, leaving only isolated groups of low 
motiutains. The bread vall^ accommodate s relatively large num- 
bor of people, who eon^egate in the villages dotting the intermontuiie 
plains. In contrast with most mountainous regions, travel between 
the different valleys is comparatively easy here, because many of the 
passes are btit little higher than the plains themselves, and constitute 
scareely any <^tade to progress. Roads are plentiful, wnd so the can 
ami the wheelbarrow ere the principal rehides for throiigli tnifllr. 




Mxf or TOl JILT fLAIW OT TM YlLLoV Rttxl 
Tlw iloCtJkl \him tndkatj sgtEfin nl tht-rltvr, ta II rprwd.-sT*r Hi jIliiirlM Cut. 

<Ilii ihe west, uid encinJiDg the Shanttin^ bilbt lies ibe /^reat plain 
of the ll^rang or V'enow River, whleh will eerv^ ns tlie tjpe of 
miinj toui^ smaller plains in rarJons parts of China. Ar explainefl 
before, this vast gently sloping pbm has boon built by the Yellow 
River and aome of its tributaries in an effort to preserve a utii- 
fonti gradiom across the sunlcen portion of eastern China. Like 
the Ixirwer Misai^ippi and all other rivers which are building up 
riitUer than cutting down their beds, the Hvrang is subject to fre¬ 
quent floods and occasicHiul sihiftings of its channel. Its (Uturse be¬ 
tween the mountains and the sea ha.** thus been changed more than 
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This i$ tiiii* of the few purb* of China where IkmI* can Iw but little 
used. The streams are shallow and fnlj of sand bars, and on account 
of the pronounced wet and dry seasons many of them are iniennil' 
tent. For tliese t«ason.s the majority of them are not navigable. 
The deeply eroded land of Shaniimg has. however, suffered s rela¬ 
tively recent uguvement—apparently a sinking of the tand—whidi 
lias allowed the ocean to penetrate the mouths of many of the coastal 
valleys. Tliis marginal drowning has produced some excellent har¬ 
bors, such as that of Cbefoo. the grviit silk port, and Ti^ingtati, tJie 
(iermoti stronghold. 
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fifteen tinier in th^ lust yenr^L, In lueivi^cint sbiftings^ the 

river has stroirn all over na enonnoiu; urtji, 500 miles from north to 
fionth by 300 miles from east to <vest. layer after layer of fine yelJovi' 
loam or silt: the very name “ Yellow River,'’ which is a translation 
of the Oiiiiese “ Hwpng-ho,'’ suggests the dose resemblance to oiir 
own mud4a(!eti Missouri. Almost evety square foot of this vast 
alluvial fan is, of course, uudertiiin by a deep and fertile soli, and is 
intensi^'ely cul^vuted by the industrious Chioese inbabitniita. r^ne 
sees no large fields of gi-nin, such as those on our Dakota prairies, 
hut, ^stend. thousands of small truck gardens belonfedng to ihe 
inhabitants of the hundreds of little niud-walJed villages with which 
the plain ia dotted. The ever-present town walls Lave d<aibtles.s lieen 
built, because the itihabitants have no nainral refuges, hm their moiiD- 
rain coindiK have, and their very accesidbilitv has tnada them in the 
past the frequent prey of Mongol and Tartar invaders or of rebels 
and rioters from within their own country. 

Since the water supply of the plain k not lavish but little ric* is 
grown there. The dry land grains and such vegetables as cabbages 
and potatoes are the staple crops. The small gardena are sparinglv 
irrigated, however, in times of drought, by water tiLketi fruni the 
canals or welJa, with the help of various tjiics of crude pumps oner- 
iiteil by men or by donkeys (pi. ± fig. 5: pi, 3, fig. 5). 

In this densely populated alluvial plain there ia practicallv im 
pasturage and no woodland. From the vciy nature of the plain it 
could not yield cimI, w-hich U always associated with the solid na'ks. 
To bring fuel, ns we do. from distant parts of the rouiitr>- k impos¬ 
sibly espensire for U»e Chinese, without an ade^iuate railroad svEtem, 
and that is still a thing of tite future. Wlien the harvest ha^ been 
gatheretl u, (he autumn the village childrt’ii are therefore seiu mit 
to gather up every scrap of strew or stubble that con bo ii,wti either 
for fodder or for foci The fiehls tlius left perfectly bare iu the 
d^ winter season ofTord im imlimitctl supply of tine dust to cverv 
wind that blows. This is doubtless the explanation of the disagree, 
able winter dust storms with which erery foreigner who ha=. Uvetl 
in north I'lm China is only too fa miliar, 

.AJthough cfltis and wheelliurrows arc much used on the Hivniig 
plain, their tniffie is chiefiy local. That may bo dim in part to (he 
fact that the nunuTmis wide and shifty rivers are difficult to bridge, 
wlule fern ing k relatively exjieiiidve, .Vnother. and perhaps more 
tmportanl, reason in that the rivers. biuI particulariy their old. nban- 
doned courses, affonl lutuial waterways which are available nearlv 
eveiywhere. By taking ndvautage of these or by deepening them, 
and in some plnre^ by actually digging canals through tlie uofi 
material of the plain, the Chinese hove put togathor tlie wonderful 
vyateiii of interlaced canals for which they have luvwi renownad aia«e 
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biirop«mji£ fir5>t visitcil tbem. Tlie thiPUrr&iiLl^ of jiuik^ whicU ply 
thcae waterwuyg mnintiiiti a vcilfimfi of inliinct i!ommerce» which 
mferlDr only to thBt of tlie griBt niilroiid eoimtrie^, sturh ax tlie 
Unitwl SlAt€s, Tho n-lative freedom of cfinimunicAtioii in this great 
plain of ihe I ellow Riii'er has helped to bring al^oiit a grexiter 
geoeity in the people tlinn in any other equally large part of China. 
Here we find a single f1iali?ct m nse over the entire region, where^i^ 
in some parts of southern China the natives of even adjoeent valley:^ 
speai£ Istignages almost niuntelliglble to each other. ITic other com¬ 
mon effects of isoktidu* such as the kck of uct|iiairitaiico with the 
customs of oabiifle peo|dt^* the hiitrenl of foreigners, tlie peculiar 
lotMil usages, and many other things^ are Jess prominent here tlian In 
fjtber part“i of the empire. Excepting the coastal cities^ there is no 
s^rtfer part of China for foreigiierH to travel through. 

W est and northwest of tlie Yellow ttit'er Plain lie the more niggeil 
plateaiM and mountains of ncjrtljwost China, with their su^rid 
climate presaging the approach tc^ the deserts of Mongolia. Over 
mncb of this region the ancient limestones and sandstones are still 
horizontal or ai^ gently folded, with occasional dislocfliiODS along 
faults. On account of tlie comparatively recent uplift and differ¬ 
ential WHrping which this part of tTiina lias snfferedj the strenrtUf 
have Ixjen greatly accelerated in their work, so that they Imve hoi- 
lowetl out canyons ia the raked portions and have filled in the de¬ 
pressed basittn with sand and alt. This is the region celebrateil 
among geologiata on account of the !oe^ nr yelloiv earth, whidi lines 
the hnsins and mantles the hillsides eveirwhere. It is Ijctieved that 
this is very largely a deposit of wind-blown dii^* although it has been 
worked over considerably hv the streams from time to time. No 
doubt Baron von Eichthofen, the dktingukhe^l German explorer, 
was near the truth when he ixmcludvd more than 40 yeary ago, that 
the “ veDow earfh ” wm the cluiat of the central .\^iin deserts carried 
into China by the northwest winds. The presence- of the loe^s deter¬ 
mines; in laj^e measure, the mode of living adopted by the mhald- 
ianh?^ Because of its fertility and moisture-conserving profjertli^ 
il h well adapted to dry farmiug. and there is little water for irrigit- 
(ion. The Chinese are not content witli using the level lK>ttom lauds^^ 
but suci^ssfiilly cultivate the hillsides wherever a deposit of the loess 
reiimins. In order to prevent the soil from washing off from these 
steep slopes, they build a j^erife* of stone walk, thus forming l-^iI 
resen oirs or terracef?. In this way nearly all of tlie soil Is tilili]^. 

In such a country rivers are not numerous and those which exist 
havtf many rapids and shoals Ihiats are therefore but little used in 
nurthwiffst Chiua. For both paasonger and freight traffic* pack ani¬ 
mals or rude vehicles are the chief reliance^ For passengers there 
are also the paianqntu or aedan chair and tlic mule litter. Where tlie 
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coimtn’ ciQt Uwi rtHigli. (he iT\'fHi.rhiH‘Ied cart ]s tlie miml coiive^^aiice 
for merchancii^. Over the niriiuiiab however, nnd in many 

of the Etnaller vdllcvBp rmih tire so tiurrow ilmt carts can not be used* 
attd so here pact animnls, pnrticttlarly horses and miile% an? sal>- 
stituted. Ttie trnveler m this part of China is often reminded of his 
proadniity to Mongol in hy the frequent sight of camcU* They are 
jievertheleis not indigenous lieasts of bimlen nnt! the inliabitanL^ 
Ihemsfd ves do not use them, 

III ctinsOEjnenre of the swnmiiy state wiiidi prevaiJetl in ihia pari uf 
China far iiack in tlie rarbouiferijtjs [leriod. thick deposits of con I 
were fonued. These are now exposed in the deep volley slopes Ik^ 
I ween bcifa of limeslorie and .sandwtonet and the circunedmnce has 
made Shsmsi Province the principal coal-producing dUtrict of China* 
Ttic coni is niined by very primitive metliods and as there h still no 
adequate system of railroads in this or any other part of the empire, 
the pnwiuct can be transported only in carts or on pi>cfc animals, 
thither of these modes of carriage U so expensive that it bocomes un¬ 
profitable to transprjit the coal more than 00 to 100 miles Imni the 
mine, and so the ilen^n^ of a great part of northern Chinas where 
fuel is scarce aiid the winters are sevcrt\ are no more able to obtain it 
than AS if the {.Imlecl States containtii the only coal Beld.^ in the 
world. The advantages that wiO accrue from the building of rail¬ 
roads in northern China are many^ but one of tlie greatest will be the 
wide distribution of thh «$cntial fuel. 

Tu going south by west from the plateau countiy% one enters a 
gion of warmer climate und more generous minfalh which^ foi- want 
of a more distinctive name, I have called the Central Hanges. This 
Is the pisii of Chinn which was particularly affected by tlie rock- 
folding movements of the diirasaic period, and which in a much more 
T\'!Ci!nt tinie has; been reelevated and therefore newly attacked by the 
streams and other erosive agencies. Broadly regarded* it b u cofti' 
plex of slmrp mountaiji ridges aiid Epurh w ith narrow’ inter veiling 
volleys. The ridges are not so high, however^ but thnl they are clod 
with vegetal ion, and the scenery is therefore not alpine. TJie surface 
is nevcrthclcfis very ragged and its internal relief averages at koi-t 
^1,000 feet. The rougliest part^ of our Carolina^ resemble it in a 
measure, la such a region obviously then? h no rooin for a denser 
jiopulationp WTierever there ia a littk widening of the bottom of th** 
valley tbere Ie a farm or occasionfllly a small tillage, and even the 
scatteretl benches high tip the mountain sides are reached by steep 
trails and diligently cultivated. But even when all of these are com' 
bined, the total area of land under settlement is relatively small 

In thhi region there are no railroads whatever* and althou^ wagon 
roadie' could be built in some places* they would be expenfiivcj and the 
Chinese have not yet attempted to make them. Ail travel and com- 
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thi‘ muds tlii^y follow are inert tniilH winding uround tlie steep muun- 
tain aides or dimifling; the bottofiis of luitrow vnJky?^ where :jwifi 
Streams must be fotd«rf iit fretpieiit inttfvak. Fiider yweh cirenm- 
ftonees it is evident tliat there can be but little effective trnlBc, Only 
comparntively light nnd expensive urticles eon be transported long 
distances. A tv Hind the edges of the mountain iiiass where the popu¬ 
lous cities of the adjoiniiig ptaina can be reached with one or two 
Jays' travel there has been for centuries an important trade in lum¬ 
ber. Hie tnuuiitains have now been no largely deforested, how^ever. 
that it is necessary to go farther and farther bach into tlie heads of 
the valleys to find large Hence cmly Uie more expensive kimls 

of lumber such as coffin kiards—which are absoUitely indisijetif^blej 
even to the poorer classcs-^^an profitably be brought out. Tiirse urt^ 
often carried for 30 or 30 mileB on liie hicks of coolieg—a costly luotir 
of trans|KirUitiou. The taller trees and brush the mcmntaineei^ 
convert into charcoaK which they carry on their ow^n backs dow'u to 
the towns along the foothills. 

I-ack of transpurtaiicin facilities 13 doubtless the chief reason why 
the opium poppy has in the past l«en widely cultivated in this part 
of Chbia« although the prartice lias lately been priditbitcd by tlie 
GoverumenU The advantage in poppy culture was that it could be 
carried on in small ^nttered fields and the product was so valuable 
for unit of weiglit that it w'oiild pay for long-distance transportation 
acrckHs the mountains. The inhabitants of the region llRunselves 
not, however, generally addicted tn tlie iise of tlic drug. 

The rainfall of the central mountain region is suffident to siipjilj 
the many .springs and tributary brooks of which the people have 
made use in irrigatiom The niildnesi of the climate here permits tlie 
growing of rice, and by terracing the hillsides they are able tn make 
a succession of narrow curved basins, in which the aquatic crop may 
be grown. For the cultivation of rice it is necessary tliat the fields 
be eompletcly submerged during part of the ■^ason, and so there must 
be a plentiful supply of waten 

On the larger rivers, such as the IIan and the Yaiigtie and their 
chief tributaries Ijoat.s are fiiiccessfidly lused. In fact, the Chinese 
river boatmen are so skillful in the handling of their hJgb-proweit 
ddffs ihat they navigate canyons full of rapids which most of iis 
would conskler too dang^grous to attempt* Tlic descent of one of 
tliese rivers Is an e4isy although exciting experienc-e. The return trip, 
however^ is slow and laborious, for the boats must be dragged up¬ 
stream by coolies harnessed to a lung bamboo rope, which has the 
advauta£^» of being very light us well strong. In the many placets 
where the river banki; are so precipitous that it is impossible to walk 
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algng tliwjj Jt frt'ciJiiji'j, nwtsvsu^ for iht boaltnen to pole ax^jund tlio 
cljii or to ligJiHg fn>ni one side of the ritier to the other to Ulie 
advantfigp of eveiT- foH^thoJd, 

Tlirough the cenlrnl part of this mountain uplifi the great Yangtze 
River. w]ui;]i in its lower rourst. readily acTOnimodates large ocean¬ 
going v^ls, has eaned u succession of superb gorges. To manv 
places tlie gray limestone tt-olls rise from 3.000 to 4.000 feet ubove the 
rivei-, and the stream U compressed into less than a tenth of its usual 
width. Diflicult and dangerous as are these tiinTons, beset ^fitli 
rnpids ..ml whirlpools, they afford the only ready nieans of *-ominu- 
mcation between caateni China and the fertile basin of Szechwan, 
whifli lies west of tite C/cntral Ranges, 

Wilhotit the highway of Uie Yangtze this great Province, four 
times are large as nimoia and with more people than all of our States 
east of the ilisgiiaiippi River, would be unable to eiport its many rich 
pre^ncto or to enjoy the commei^ of outside Provinces and tiatious. 
ft hmi been efrcctnallj burred off fh»m fndia and Burma by tli* sim- 
cesion of high ranges and deep canyon^ which appenr to he due 
primarily to the great epoch of folding in the Miocene period Sze¬ 
chwan IS a broad basin which has never been depressed low enough 
to forex- the streams to level its bottom with alluvial dejaisits, oTin 
the lellow River plam to the east ^ nor does it srem to have been ele- 
vated into a high plateau which would have been carved by many 
pallia into a rugged mountain countiw. The soft red sand.stone 
which underlie U have therefore been sculptured into a network 
of valleys wtlh mton'ening red hiUs or buttes. With a climate as 
mild and nioi.-it as that of Alabama, and a diversifiefi topograubv 
rhere IS opportunity for many industries and for the cultivati^of a 
great variety of crops. Szechwan leads all the Provinces iit the e.t- 
portation of silk Here ^w the lacquer and oil nut trees nnd « 
mdv rjroga of field and garden fruits, grains, and regetobles. Ample 
water for irrigation and especially for rire culture is supplied hv the 
many j^rennial stints which dft^entl from the encircling o;oun. 
taiiLs. These uplifted and now toountainous tracts have also served 
as a barrier to invaders from ail directions, so that this has been less 
subject to wars than almost any other part of China, and hence hiLs 
been more stable in development. Tts inhabitaab* are amonc the 
most substantial and progressive components of the Chinese nation 
We now come to the last of the geologic divisions which were laid 
out for consideration. From the Szechwan Bask southwest to the 
vonfin^ of India there extends a tories of high mountain ranees seoa- 
rat^ by deep and narrow valleys, all trending in a Houtb or south* 
easterly direction. A Ithough not so high above sca-levei as tlie inoun* 
tains north and south of Tibet, these ranges are an even mors effec- 
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tive baiTier to iruvcl Ixoanw they ate «o continuona and the relief ta 
no ^reat. Not only is there no waterway bttt thete are no wagon 
roadU. and the building of h railroad woitld be a stupendous and cx' 
pensive engineering task. Such & road would necessarily involve the 
Riakiug of 8 succession of long bridges and tannelK. Here, os in the 
central ranges. settlctnenU are limited to the rare open spots in the 
bottoms of valleys, and so the population is sparse indeed. The total 
commene ta very small in volume, because goods must be carried 
almost entirely on the bsckii of coolies. The rugged chararlcrifltics 
of the region are eridently the direct result of the recency of the 
compressive movement which produced the tremendous luountain 
folds, and perhaps are atiU more due to the renewed uplifts which 
have permitted the streams to coutinue the carving of their deep 
gorges. This part of China is geologically veiy young, and to <juote 
the words of the distinguished old geologist of California, Joseph 
Ijc Conte, ** the wildness of youth (b^) has not yet been tempened 
by the mellowniss of agfu.’’ 
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It is my plcueUfe to aitdr^ you. ladies, on a most attractive sub¬ 
ject—beredity. \niat is more ioteresting than to study a child’s 
phy>;itfal. intelicctunl, and moral nsemblanoe to either of its parents 
iidti'ect heredity), to its more or less remote ancestors (atavic hered¬ 
ity). or to ite uncles, aunts, mule or female ccm>ins (collateral hered¬ 
ity) T WImt is more ontiiuslng than to search otit the mson why and 
h<«v this rehcmblauce is brought ali‘>ut? And j-et it was with sonic 
hesitancy that I accepted nn invitation to speak to yon on this subject 
I lenrcd to impose iii>on you, at least in the second part of my nd- 
drca$. some difficult, abstruse, mathematical explanations, compelling 
me to put before you some rather formidable looking algebraic aym' 
bo!s> which will demand your closest attentioo. If 1 consent to talk 
(o you of hemlity. hs T bas'o been oidiged to do for n dozen years, it 
certainly would uot do for me to tcU yo« of curious and amusing 
facts without giving other explanations tlian imverihcil theories. We 
are beyond that, and you would have me at once make you acquainted 
with recent advances; the result of c.tperiinental studies on imimn]> 
and plants and their explanation requires a knowledge of natural 
history ideas and of general biology which 1 will be obliged to recall 
to you: hut these diocoveries are applicable just as much to the 
human species as to the more humble animats and plants. I will 
therefore explain them to yon in detail. 

I w'OiiId, perhaps, have pasioid over in silence that most difficult 
part of the subject if I had been called to speak before a frivolous 
worldly audience, But I have before me here on assembly of tlie 
very highest type, I know that you are ladylike women who do not 
wish a lecturer to divert or amuse you, hut to instruct you. You 
come here to acquire knowledge which will enable you to l)e useful to 
oil. to your surrotiudiuga, to yoor neighbors, to your country. Every 
day you prove that you do not fear the troutde you take. * It is not 
much to exact a little attentitui from you, Htneo you do not dread the 
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diSiciilt caro of the sick or injured^ tbf> dressing of wounds* the^ 
gruans of those operated updn. or the death rattle of the dt'ing. T 
m^all that several of your members are at this moment on the Scld of 
battle, and ha%'e no fear of facing climatic danger? and enduring 
hardships even unto deaths 

Ton know that tlie laws of heredity are susceptible of happy applh 
rations in the human species, so that you will not doubt* 1 am eurt* 
some explanations that 1 shall give oa briefly and in? elenrly ns it is 
possible for me to do* 

Heredity- Wbnt is meant by that word? Yon know what it is. 
U is a fnct of daily occurrence, that the descendants reproduce more 
or less completely eeitaln pe<ni1iaritie^ which e-^ialed in wir or the 
other of their ancestors. 

There la right here u point of observation ao uiiiver&LiL sc* genei^ially 
known^ that \i is never overlooked, after tlie birth of a uew-borii 
child* to ask who it resembles. I3 it the father! Is it the mother? 
tieiierflllj\ [letsons who have known the father aa a child are of the 
opinion that the newly bora is exactly like its father at tbe same age 
On the other liMid, those who knew the mother do not hesitate to saj\ 
“ But noUbat little month, those large eyes, are they not its mot her sf 
There Is a mofet hiriking rcgembl 4 iiice.^ In reality both of tliese ob- 
bervations are correct, and we shall see that mathematically the child 
bos exactly one-half of the choraeterifitica coming from the paternal 
and one^balf fn>m the maternal line. If, in certain cases, very nirc, 
however* the child seems to have inherited more from one side than 
tlH‘ other, it is boenuse eertam characteristk-s are susceptible of re- 
maimug latent, masked, invisibk; but they exist none the less, ond 
generally these latent characteristics include patemal and some 
matemal rharacterustics, so that in the great majority of caties t!ie 
child after all is an equal mixture of both parties n mixture some- 
times^ happy^. sometimes* alas^ unfortunate. It b these unfortunate 
ca^ that a knowledge of the laws of heredity may in some degree 
restrain. 

Heredity bears not only on the features but on the physical char¬ 
acteristics, the build, w'eight^ tints of the skin* the eye?, the hair, etc. 
Tt niles the intellccluiil side, the momte* morbidness* etc*—in a 
word* all that constitutes mdiiidiiality. 

Certain individuat characteristics may be transmitted for mmiy 
generaliunsn Tlie oncienta Itavc preserved to us the history^ of this 
tratusnission in the Cioero and L^tulufi families by some marks on 
their eountenanoes^ to which they owe their name deec,’’ chick¬ 
pea; **lentnlusr lentil). In the same way q lock of white hair at 
the middle of the forehead of the joutfi was for a long tirne transit 
mitied. they tel! usi. in the family of the Rohana. But these family 
eharacteristii-s arc not long in disappearing, which can be understo€>d* 
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for ml Ba,ch ;zflneratioii the wtHtieii arc Mrrritig half of an hereditary 
cLenient whicli is eTcmpt from the peculiarity. The eittBordmarv 
part of it is that in the cases cited these peculiarities have not dis¬ 
appeared sooner. 

On the other hand, it is very natural tliat aomc peculiarities should 
tie perpetuated wliere martiagcfi take place within a limited circle 
and where the same families constantly intermarry for serend gen¬ 
erations. This is seen in certain regions, but the facility of iiiter- 
cotnmunictitioH tends, howerer. to render such conditions more and 
more difficnlt. The populations of certain of our coast islands 
^Qnessant, Brehat) have for that reaMn taken on a special tvpc, 
Nearly all the Inhabitants of a valley in the high ^Ups show what 
they call sex: digitismj iljat h. an extra finger and toe. Emigraiion 
toward the cities has cause.! these people to disappear. Sonirtimes 
rt'rUtin fninily groups are found isolated from tli* rest of the popu¬ 
lation not only by guogniphical obstacles but by their eostumea, 
inanners. and di(Terences of religion, ITiey may begin to take on 
R certain type even when they are primitively of the same race, 
Tims the MoliaiuuiedBiis of China, who are not immigrants, hut puiv 
fliiiieit, have a special type of feature; the Parsecs of India, who are 
rif the Same TiidtHEuropean rnce as the Brahmans, are of a tvpe vorv 
dithient from them; the Polish Jews, who are not the immigrant 
Israelites, but who are descended from tribvfi iwnverted during the 
tenth mitnry of our era, partly to Christianity, partly to .Tudaism, 
have ended by separating tliejnselves from their brothei-s. the Polish 
Catholics, not only in their physicBi cLarueteristies and their Intel, 
lectual nptitudos imt uls<i by their special disfiosition to eei'tain dia- 
eases pe^iiiliar to them and which form part of a group of familiar 
nervous maladies tliat T will mention in a moment. 

There is a group of families which ha^'e intermarried almost es- 
idusively for nearly I,(WO years. They are the royal families of 
Euroiw, Tliis group presents a vtuy important and partieiilarly in¬ 
teresting subject of study on aooount of the quality of the iiersona 
conposing it and because of the facility with which their history 
tmd even their portraits oiin !w traced back to a very early [leriod. 
In u higldy authoritative work Mona. Galippe has brought together 
more than 900 ixirti'aita of members of the royal houses of France, 
i^pttin, Aiistrist Bavaria, and Savoy, who have united with each other 
by repeated marriages in nearly every generation. It Is easy to tsje 
that n family resemblance was very quickly manifestetl. It is char* 
iietorized principally by two peculiarities, the arched nose, the Bour¬ 
bon nose, which is found not alone among the Bourbons, btit among 
the royalty of ail the Catholic thrones of Europe, and a bra the pro- 
jeetiou of the very heaiy lower jaw, the teeth projecting over thrw 
of the upjier jaw. The purtrait of Philip ll of Spain uf the Ijouvre 
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iitid the portrAit« of Cliarlos V show this poculiority most utmogly. 
41 rill i( Is still foimd more or less eharacterixed in tJie great majoriry 
uf nmnib&ns of royal famUies, m much among the great houses that 
wc have nieoticmcfl as on ihr sin nil ih rones of tnore rrcent foumlR- 
tiun whenj they are at once fixed by repeated alliatitea- 

ih*'. w/Xfirriird# p4?rAt-it Jn jtucCL^jt^ive onttf 

ichen ^A<ry riirwf of tho Mwie time m tke paierjiaf arid irudermil {in* 
I'efffc^riE. In the niver^je ca^ they rnpidly disappear. 

In wlicit ctjnccms the Intellectual faculties we reach the same csuti- 
elusions. IVe rould cite niiiiierous exjimples of families where the 
same order of lalenLs has appeared among several members. Xm< 3 i\g 
litcrateurs, tiie two Plinys (iinelo and nephew), Seneca md liis 
nephew Lneicn. Llie two Conieillc brothers and their nephew Fonte- 
iielle, file two ("h^nier brothers, the two Mii^t brothersi. the two 
Ale.xsiiidre Dumas, fatJier and son. and many others. AniOiigleartuHl 
men we lind tJie phyj^icisUi Becquerel, grandfather, father^ son. and 
gTtindeon; the matlieniatiL-iaiLs BiTnouilli, unde and three nephews or 
grandnephews, and the naturalists Gooffroy^Samt-Hilaire, Iscdore 
and Etienne^ father und son. Among pDinters are the thi'oo Vemet- 
Carl. Jf^ph. and IIi»nioe. We could lengthen the list vei^y mnrh, 
hrit the pereUtenty uf high talent aeUhmi peraista more than llin^e 
Ijenernlioiis* In order that this may be otherw^iEet the inheritance of 
a cerLain talent tnu^ be maintained by the union of lainilieti efpially 
endowed- We could mein ion severed examples of this- Tlitid the 
Darwin and tlm Gallon families, both of which Include eminent 
iiaturalisLis liave been thus united repi*atedly. Here we find the per- 
Histetire of remarkable faculties relative to natural history for five 
generefioiss, since Ei'Esniui^ and Eoberl Durwim Iwth naturelics 
of high merit, grandfather and father of the ilJtistiioua Chatk^ 
Darwin, down to the $ona and grandsons of the latter, one of whom, 
(teorge. has recently died after achieving sonie reraarkjible work in 
iiatuml history^ and another^ Leonard Darndti, who presided tiH 
rently at the meetiug of the Eugcoic Gongre^s in London, The Gal¬ 
lon.^ likewise w'ore perpetuated by Sir Francis GaHoOt graudson of 
Charles Dunvin through hhd mother. It w^as he who founded the 
Eugenic Ijiboratory of !.rCindoD, and accumulated nunicrriiifi works uj] 
iurrcdit^", from which the greater part of the facts that T will relate 
so you are borrowed. 

live most lieautiful example fd manraJ heredity h. tliat of the Bach 
familyt the musteiuns. The beginner wn.^ Veit Bacli, a baker at Pres- 
bourg, who refreshed himself after hk tcdl by his songs and music. 
He lifti! twfi sons, who commeneet! that unbroken line of ifinsieians 
id the J-auic name which spread tiver Thuriuge. Saxony^ and Fran¬ 
conia for nearly two ecniuricFL Fsfty-s»ven musiciaae of that fiiinlly 
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have left a rep^^nj and twenty-nine are roentioneil by (.>a]t<»n as emi¬ 
nent muaiinans. 

The Bachn eontmeicd numerous marriages for their daughters 
with former tniiaie masters, organists, and town mimcions, aa^ tlw 
custom of the body corporate at that time permitted. Those fro- 
qiiont marriages among mnsictatn; could not help hctnng great in¬ 
fluence upon the mUKicul talent of their offspring, and thb, says Mr. 
Ribcu, b one of the most beautiful examples of artiffeiul or natural 
selection that one woidd find in the human species. 

We now come to heredity of moral characteristics. Morality is 
transniitted In families; an honest father and mother have good sons 
and daughters. Of course education and good example have their 
share in It, but ijo also does heredity. Inversely, bad principles are 
transmitted in fomili^ and we read in every book on heredity the 
history of that mendicant who arrived in the Engtish colonies uf 
America in the esirly days of their colonization, and who. endowed 
with all vices--a drunkard, a thief, and debauched-—had paased iialf 
of her long life in prison, $hc had had nttmerous children, and in 
looking over the civil anrhives of the State and iJso those of the 
galleys and prisons we cun safely state that among several liundred 
of her descendants four-fiftlts were detinciuents for misdeeds of 
various tduds and a dozen had ended their lives on the gallow'’s. 

Permit me here one dlgrc^ion. It suggests a subject which has been 
much considered — that of responsibility. Since tendency to L-rime ts 
inherited, since Uiere are born criminals, are they responsible for 
their crime, and shonld they Iw punished^ Are they responsible! 
Tlie question should be considered from two very different stand¬ 
points. There is the philosophical point of view. It is possible that 
from that view, we might say that responsibility does not exist, for 
all our acts are determined by causes and tiiat otir will is only an illu¬ 
sion, I will not discuss this, for cetittiries since the time of uncient 
philowphers have not sufficed to settle it, and I have no desire to 
enter into controversy of the free will, of the efficient cause, and 
the determining of onr acts. That phase of die question, however, 
ought by no means prevent us from responding when we consider the 
practical point of 'i-iew. On this side the more the delinquent has 
acted throtigh the foct of tendency due cither to betedit)*, environ¬ 
ment, or to education, the greater the need that he fear chastiBement, 
for it is only such fear that restrains the immorally bom person. 
The accidental delinquent should certuiuly be punished, but hb pun¬ 
ishment is not a social necessity; for the punishment of being a bom 
criminal is forced upon him; it is rendering him a service to 
fun^ him the only reason that he has for struggling against bb bad 
mstmete. The only irresponBible bein^ are delinquents who have 
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toat hI! I'onsiciuuaiietiji of tiicif i^pileptic^ fi>r cxiunplt?, who in 
tlitiir uonoa] htivc no nccollci'tion of wliot tbijv hiny have clone 
during I heir frenzy, and also certain insaue per-sons. There re maim 
for me the dificui^fflon cjf the mheritance of diseuNes;, an interesting 
phaae of the qij^'Llon of heredity, because of its many practical and 
important applicutioa'i. We should distinguish, on the one hand, 
between inherited maladies, known as family diseases, which seem 
to have no other cause than that of heredity, and, on the other hand, 
the much more TOmmon illnesE where hert^ity plan’s only a predis- 
pened or uccessop’ part and is merely a factor among other more 
ftctive ond iqoit? import Sint agestfs. 

Charcot has described, under the name of - family maladies,” cer* 
fain affectious of the nerwous system t they habitually attack a con¬ 
siderable proportion of the same family (25 or 50 per (wiit). They 
take similar form and a like evolution with each of the stricken 
subj^ts. They appear among these [lersons as the result of taint 
onguially from a germ, becoming manifest through their develop- 
uit^nt uml iiide^ndent ot all exterior action. 

C'litcc these lirst works of Charcot, the known number of disjcases 
'vilb these characteristics has very much increased, Manv family 
ttirectiims are now known, not only of tlie nervous system but of aU 
organs of the hotly, ITiese family maladivs are transmitted in fomi. 
Ute m the same manner as morphological characteristics ^ thev ..re 
i^ented under the same laws as malformation, such as the ‘^isth 
di^t, ftlmidj mentioned As to nmlforniatioim^ they tnay pert n in 
more particularly to certain Mimtriis, certain rnce^ and certain 
group's of people, and cspedally to g^nps of people isolated fay their 
geograpiiical locations or by their matrimonijil customs. There is 
noihiog strange in the way tliat these malformations are manifest, 
for they are the result of verilufale inherited malformations, Thuii, 
thcrejs a family disease called “Tatrophie papilhure femiliale,” and 
which w,^ vety few exceptions, attacks men only,* the women of 
th.^ families are almtst always exempt, and T will tell you to what 
this happy privilege is due. The children of these families are born 
norniai and grow up fuU of health, but toward the age of 26 the 
sugut of some of them begins to weaken: if they (insult an ophthal- 
mol^Kt Im; discflveis. after exploring the depth of the eve, an atrephv 
o ^e central bundles of the optic nerve and, in spite of all that can 
w doM, that weaknesa progresses until there is almost a coiimlete 
loss of Right One l <5 led to believe that the disease comes from some 
special pbyatcal defect—to an exaggerated narrowneffi of tlie cavity 
where the optic nerve leaves the cranium. Thk cavity remains in a 
ibroKcartila^nous condition during childhood j tn men the i^sslfica- 
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then, the i>csult of n gross, anstoimcal naalfonnmioii. Alt faiuilv 
<lis«*»j?e5 tlKiD. Iirtve for their origin an heretlitiii^ mn I formation, thougti 
often it is nnt so easily revealed and is discovered only by micro- 
^opicalJy e.^imng (be inmost of the ttssins^ But in either ease 
It is a queiition of the tranaiiission of a special defect, jind there » 
nothing ivonderfiil in the fact that it is transoiitted according to the 
same Jaws as physical peculiarities. 

There are other diseases inherited in an entirely different wav. I 
will commence with microbe diseases. In these diseases the aJBictiou 
which has stricken either the father or mother, or both, is transmitted 
to die child through an entirely different process. It is really con¬ 
tagion. In certain diseases the mother, canwing some deadlv germ 
{whieJi she may or may not have received from the fatlier'of the 
child), contaminates her child before its birth. That is most tisnallv 
tlic case on the average. 1 do not insist upon it. These cases are 
known us “ heredity contagion.’’ Oftener still, die child is born 
and sound, and it is only during the course of the first niontlLs or the 
first few years that it ia contaminated by one or the other i>f its 
parent It is apparent that it does not seem to be more dian pure 
heredifr, lubercufosia is like that. You know haw tubemilo-i< 
nppeai^^to inherited. In your Bed Cross dispensaries von find tlml 
enbre fumihes are now and then decimated bv tiibereulosis- dir 
father or tooUier, «r both, are ill with pulmoimrv tulienmlosis- the 
new-born children die of tuberculosie meningitis; if ihev esci,™ tliot 
they show signs toward the fifth, tenth, or twelfth vear of - King's 
cviL or tuberculi^is of the glands; of Pott’s disco**, 'osteotk- tiibenm- 
1^15 of the vertebrie; of coialgia, artlmric tubetcnlosia of the hip 
etc^ and at last, during tlieir youth, they succumb to pulmonarv 
we unfortunately reported each dav, anil 

^ how tehef in the inheriionce of hiberciilosis has per¬ 

meated the lumd. In reality heredity here plays onlv a reatri^teij 

T o^f it Tlh H-"" coutagion. 

A proof of it IS that the disease is communicated just as easilv to 

persons who live with a tuberculosis family, though tbev have no re- 

Utmn to It. ^metimes it is neither the father nor the mother who 

but It may he a governess or a domesric affected with tiibereuloai^ *1 
once knew of a family free from tuberculosis where a voung whinw 
returned to her fatJier's home after hat-iag been married a^ear to a 
tu^renlosia husband, from whom she had caught the germ of the 
disease, she comniumcated it to her two young brothere whn U \ 
and then to her mo^er, who at present alone 
dren. One could relate iimnmerable instances of this kind T /tn i 

auentes more or less a resistance to the disease. In some families wo 
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ijee i^rtoin of tobertuloms loping from tLe Hciri with sjoeh 
rapid Htriiie:? tlmt no treatment can cheek tiieiM. Etpeated contaminsi- 
lion* colonies of Inidlli that have ei:^pi iii, certaiJilv inny be tlie eatwt* 
of it; yet it IS believed that there e^iat some soils favorable ihrougli 
heredity to the growth and spread of the bacilli But if ebildren of 
nibemiIons parents are protivted as much as possible from infection 
of the bacilli; we liav^ found that the disease has not developed in 
ilicm. Mj leacLer? Grancher* believed this; aud with that tdea ho 
foimded the ^Oeu^Te for the protection of children against tuljiiroa- 
That foundadoD takes children from homes where the sick 
father or niother by coughing Is spreading the bacilli; it raipcs tlicsse 
children in peasant's homes in chosen localities in the com fit It L 
deiuonslratcd that these chlldn^rs show a much smaller propiirtion <if 
tnberculQ^is than the popaUtion taken as a whole. 

In shorty in the propagation of microbe diseases in families, hered¬ 
ity^ properly Bpeakmg, pSays but a very limited The propaga- 

lion of disease is due to tontagion, liemlity eonVagion for certain 
di^a!^ but, more ofion still, common contagion, and this nilo 
applies particularly to tLiberculusia. 

I have to sjptuk to you now' of unulher deduction where the disi- 
of parents may affect the condition of the child. Wlien ilia 
parents at the time of procreation are in m had state of lieahh they 
give birth to chUdreh who have wljul has been called “^the defects 
nr scars of degeneniey/" This ia not really inherited; for it sliow's 
no resemblance betivecii parents and cbildrcn.^ On the contraryj tiie 
children in these causes have strayed from the type of people to which 
tiieir parents belong: they develop abnormal characters, which show 
that they ore ditfei'ent from the usual conformation of their race 
and speciu^iT and, even that of the normal human being. This is the 
liteml stgntficance of the word degeneracy.^* 

It IS degeneracy, for example, w^bich is ^^eeu in descendants of 
drunkards. The question is really not one of heredity^ hut of pre* 
conion^ Inloxicalion from a germ or, to state it better, from :-exiial 
cclb which are developed in a manner modified m their nortiial com- 
imaltloti b}' alcoholic impregnation. .\1] kinds of in to x teat ion act 
the same—^intoxication from opium or morphine, the professional 
intoxication from tobacxio (from workmen in tobacco manufactories!^ 
or from lead ^workmen employed in the making of red or white 
lead). A proof that bitoxicatton from the germ ts the cauee of ii 
rather than heredity is that into^eations in youth show tho ssiime 
result. Early alcoholism develops vice* analogous to those due to 
alcoholism b the parents? chroniemiorobe diseaaeaaucce€d, like intox¬ 
ication J a senoualy affecting the mtemal life. Syphilis in the paraib 
I even when it has ceased to be contagious, which seems to prove tfiai 
{Iw microbe is no longer the cause of it) may also produce ^ drgene- 
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riiti- M ills" apon Uic ’rnfaJiia. and likewise cause scriotia infections of 
yxuth, riiroair gastroenteritis, athrepsia,’* etc. 

These facts show ub that heredity only preserveH its power wlitn 
the infant possesses ponnal conditians for its development Identical 
to those thut their parents had. Otlierwise the child ceases to re¬ 
semble them; ho is degenerate. This is opposed to inherited trsnK- 
mission. 

This distinction is Important, and it Ijeconies much more imjx»i'tatiL 
to dwell upon it since able authors do not appear to have found it 
ant, I have spoken to you of the excellent and verr Interesting work 
of Mons. Oalippi. Everything is perfect about tt save the title. 
Afons. Galippi Itaa called it Hrr^dite des stigmates de degiSnrr- 
csconce et les Kami Ilea wuveraiues” (Heredity of the stigtnus of 
rJogeneracy and the royal families). Xow he shows ns a certain 
conformatUm of the face transmitted by heredity, a sixoilarity to one 
another through many generations of die same Line, ft k the tntits> 
tuksioti of a family characterktic: it is directly opposite to that 
wliich transpires fiom the '‘stigmas of degeneracy." These stlgrims 
monientarUy separate some devsx«ndant from the normal fauiily 
type. If the distributing influence which has deviated diese subjects 
from the normal type ceases to act, tlicir descendant return to the 
normal type. Wo have seen thk in certain groups of peoples suh> 
jeeted to defcK'tivc hygienic conditions; thus tile malnrial regions 
of the Bresse, the Dombes. and the Landes were lulutbiteil, before the 
sanitary improvemtnls were made, by a irniaU-tiized race, many tif 
whom had various malformations describcrl under the name of stig- 
maii of degeneracy (the registers for army service at die time Jiihow 
this). From the time when these countries were mode healthy by 
draining the swamps, tlie new geneimtiotui became of nonnal ;,!?.& 
and now there are no more ciemptious from miliiary service for con¬ 
stitutional defect in those cantoni^ thoji in thonc places which have 
never been touched by mukrla. These facts arc strictly auidoguus 
to a very great degree to thostt seen in certain animal or vegetable 
species. There exists (I mention this example among a thousand 
otlierH) a species of crow-foot wbldi, when the seei:l sprouts in suIj- 
mergyd land, has lacinated leaver altogether different from the ordi¬ 
nary leaves of the plant ivhen grown in dry soil. If made to grow 
in submerged land for a numtyer of successive generations as long a^ 
tlic experiment permits, and if the seeds are gothered at each generu- 
tion, tliose seeds which were sowed in dry land would surely prwluce 
full leaves without ihc number from the lacinatod generations having 
any influence. The lacinated state, then, k a condition of di^en- 
ertioy which exists only when » cause provoking it eikts- Heredity 
plays no part in Us pfopagation. It is imijortant to distinguish 
tliese facts from fiwta of heredity or they will become complicaied. 
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TIi’k is one nf the rmwiui why the observauee of tnii^^i fmui liereJity 
is fio UiSieull. They afe oomplicnteti by the interrening of sticli 
ntiRivroiis disturbing elemcntja tliot the laws of heredity can l>e estab- 
lislied only by experimenting on some cases sinipUfiiKl as much as 
possible. Tbnt is what Mendel has done. Before showing yon the 
very simple and siiggastiii'e laws discovered by Mendel, I ought to tell 
you in n word the work of the inve»tigutors who preceded Lini, 

Xttturally, 1 i?ati give you only n brief and neeessurily incomplete 
sketch of tills hijjtoty. 

About the middle of the last century there were many students 
eiigagetl in rrsearrhes on heredity. Lucas published (18M) a book 
entitierl “T)e nif'rfdite ' (On Heredity), in which he slmwed that the 
condition of the descendant results from the cotiibination of two 
factors: (1) " Heredity,'’ which brings about o resemblance between 
tlic snhjcict and its parents and attcestors: (3) 'Mnn^Ue " (inherent), 
csiusibg a diasLmilarity, Thanks to the innate idea, we see iti some 
funiilies certain members who show no characteristic peculiar to the 
raiuLIv. Me now know that that thcof}' is based on some deceitful 
apiieanini.'ss explicable by disturbing causes of which I have given 
j oil an example. The doctrino of Lucas has been forgotten by sn vantii 
for o loop time. If T have spoken to you about it, it is as a con tern- 
iKirttneaus writer. Emile Zola has bii^>tl upon it that great work of 
the Roiigon-Macqiiart; he has sought thus to give it a scientific 
ftaiudation: tlie unfortunate part is that before Zola had even com- 
mcnml the publication of the first volume of tlmt set of books other 
authoritative articles had already brought out the weak and inae- 
curnte points of lAicas’s theory. 

A great Eugli^ investigator. Sir Francis Galton, has employed, 
like Lucas, tlie direct method of oljservntion in the study of acta of 
horedity. He lias carried it to a very high degree of perfection. 
Tiianks to some devoted cooperator^ he has imiled a large iiundwr 
of genealogical trees in noting the physical, intellectuni, anti moral 
clianirtcriiitirK of all members in the family Btiidieil. A periodical 
work, “ niumetrikn.'’ published thi'se artides. Tlie results were 
Worked out in a special laboratory which Is pcrpctuateil under the 
name of the Sir Francis Ojxltoii Eugenic Laboratory, Tu applying to 
r^iilts thus accutnulated tlie process of higher mathematics, Sir 
la ton and liis pupils have establidied an empiric law, the formula 
of which, however, has changed. At first Galton showed that the 
two nnrertorii of the first generation (father and mother) control 
one-half in the heredity of a subject, each one being a quarter; then 

1 "icestors of the second geaeration (grandparents) are 
vmued at a quarter in this heredity, one-sixth for each one; then the 
Hgiit anc^ore of the third generation (great-grandparents) come in 
lor an eighth or a rixty-fourth for each one. etc, Sub^uenily, 
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Pearson, ^ pupil ijf {iaiioti. staw thiil to ngnet with the renlitv, ihnt 
fomiiila u'a.'i exact and eonfornted to obiyerv'ntioiis otilv if tliert* wus 
tuoilo to iuterrejie in eiieh ^iioratioo a corrective txritiBcicnt vaiyinj^ 
from the rest according to the subjects atirl cliamctcrs considered, the 
corrective cornes£ionding in total to the “ inutile " of Lucas. On the 
whole, the “ biometric method of Golton and Pearson, in spite of 
tho magnitude of their effort, loti to such compHcati-tl fortnulaa tliat 
they were unprofitable in practice. Besides, they gave simply forun 
iilas of a general term not at all applicable to n particular case aui- 
sidoretl independently of all ot her cases. 

We are aijoiit to sec that the formula of Jfondd, which b much 
moil! sinipie, explains tlie results empirically stated by Gallon and 
Pearson. The formulas of these last explain the proportion from the 
rciulLs given by the laws of lifendel applied to the whole of tm ex¬ 
tended population. 

ilendePs htws ure tlie fouiidotion of tiie study of heredity to-day. 
But we should not fotget that tho most important .d thtae bw-ij had 
already been discovered by our compatriot, ^^atldin. Xaiidin, al«iit 
the middle of the last century, had undertaken tlie study of tiie nlie- 
n^omeuQ of hybridisation, as l^fciidel had done, and had discoveretl 
tho phenoiuena] prhjciplei which a little later altracted Memlel's 
attention, particularly the t^umblance of some hybrids to one of its 
parents and tlie disassociation of cliaracters in the descent. Xaiidtii, 
who was deaf, and tlierefore iaolnted by hb infirmity, did not know 
how to the most of what hU works merited, and it is to Mendel 
that the glory of tsiablbhhig the remarkable laws which descri’cillv 
bear his name is given. 


Tile fame of Mendel is of quite reeem date; it has only been a few 
years Ilia( the learned world lias known his name; ami now it is 
ftinioufi tiiiqiigh to huvt^ sotrii'ties numtfd foe it (•" Mendel 
^•cietiea ) and a |H'riodicnl (Mendel Journal) devoted exclusively 
to diawmg from the discoTeries of Mendel the inferences which theV 
boar. This glo^ 16 tanly. ft j,, puhlLshed his 

discovery hut 1 1 was ignored, and it was not niilil IflOO that (he 
Dutch naturab^ do Vrn,. brought out MendePs Laws, and it wa.s 
not imtil then that the nmuo of Mendd conimencftl to spread abroad. 

Mi ndel was a monk in a convent of Moravia near BHiim. In hb 
leisure hnun^ he devoted himself to the study of natural history and 
cnl ivate<] a little gimlcn where he hybridised sweet peas; it was 

kri T'--’ laws of hybridiKation which he 

published in a ^lall local scientific paper, called ‘^Bulletin de la 
Reunion ^cien^qtie de Briinn,- and they reinaine<l burie<I there, 
-^ner u tim^ Mendel wa.s appointed superior of the convent; hk 
new ooeupaiioms prevented him from contimiuig his work, and be 
die.I ivithrut knowledge of the fame which awaited him. 
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Mendel ncitiivd tlte fuirr. that when two varieties of planu differing 
in one ehnnictcriEtic uiily uru crossed, the red or the white color of 
llic flower, fur ejcample, all the seetls olitaitted thcrefroin produco 
in the first generation plants hiiving red flowers only 5 if these 
hybrid red plants are crossed with them, T5 to 100 per cent of red- 
fluirered plants and 25 to 100 per njent of plants with wliite llowgrs 
will be obtained. If the stalks of the white flowers are nftci'wiiTds 
united, the red color would never appear; the stolks of the white 
flowers reappeared in deUnite proportions in tho descent from the 
stems of the red flower united between them. 

Mendel thought that tho two characteristics, red coloring and 
white coloring, both exist in the hybrids of tlie first generation, 
but the red characteristic dommates tho white and appears only 
when they exist side by aide. If we call “ R " tbe red eliaracleriJitio 
and ‘‘B” the white characteristic, the foruiuk for these hybrids is 
UfB), tbe parenthesis denoting that (B) is latent, because it is 
dominated. If u plant H(B) should bo crossed wilL another plant 
UlB), the two dioracturistics would difina!$ociat8 tlvenuielves in the 
[HiUen grains and in tbe ovules; half of tbe pollen grains contain 
only R and ti half contain only B; the same with tho ovules; the 50 
per cent of pollen grains It now unite half with ovules R, half witli 
ovules B; the fertiliMd ovules which result from tbe union liavo 
now as a formnia half RU, or 25 per cent and half R^B), or again 
25 per cent. In the tssme way the 5U per cent of pollen grains B 
unite liolf with ovules R and half with ovules B, and the fertilised 
ovules which result from this have for a formula the half R(T1) and 
half BB, or 25 per cent R(B) and 25 per cent BB. The lotnl b 
95 ilR, 50 R(B), and 95 BB, But the R<B) are red like the 
RR and can not be distingubbed from them. There are now T5 
jMu- cent of red. Unite them and the reds still give a certain pro- 
j)ortion of whites, which can be calculated for each geftcrallon under 
the formulas of the law of probabilities, IVitliout entering into the 
detail of these formulofi, understand that at the end of n generations 
of unions i>ctwecn retls resulting from the first crostlng; the white 
being at each generation sepuratcHl from the reproduction, we obtain 
1 stalks of red flowers for one stalk of white flowers. On the con- 
trani', it is well [mdcrstooil that the stAtks of white flowers BB united 
with each other never produce anything but the stulks of white 
flowers; they do not contain, either obviously or in Any unseen way, 
any red element. 

Sttch Is AlendeBs Inw. It is applicable not alone to the colors of 
plants, but to all other living beinga, animals, and vegetables, to nil 
simple characters, capable of jiroditcing two and two in varieties 
differing only hy single characters. Tlib law is found in the union 
of gray mire {dominant) with white mice (dominated), of normal 
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mioe (dnrninant) with dnncing mice (dchmlnated)i in thi* union of 
buy (dommotingl urn] eoml horses (domiiiiite<}), in tho 

union of u single-comb hen (dominuting) with u doublcHComb hen 
^dominated)^ otc.y and finally in the human species^ fn the human 
species verification of these laws can not^ you undeirBiand. be carriecl 
so far* Nevertheless, it seems to be an establialied fact that light 
hair and blue eyes are dommated characters in the Hilendei sense 
opposing the black hair and eyes, which are dominating characters; 
and one cant from that statement^ infer from heredity the color of 
hair and eyes, some condusions whidi are Iwing verified almost 
constantly* In the seme manner human albmc« comport themselves 
the same as the vrhite albino mice, and in their tmion their descend¬ 
ants oliey the stime Jaws. It is the same with tnatiy morphological 
pec-'iiIiarltieSf which conduct themselves some after the muuner of 
dominritiug character?, and otliers after the manner of dominated 
charLictei^, In family diseases the morbid character is inherited in 
certain diseases after the manner of dominating characteristics and 
in other disease after the manner of dominated characters. In a 
worclj Slenders law is veiy general, from the highest to the lowei-t 
forms of life^ it applies to a number of characters of varieties that 
tnuy proceed from morphological, phyeiological^ or pathological 
characters* 

The discoviories of embryologists have made know n how the mech- 
unisni of impregnation explains the Mende! Iaw% By the combina¬ 
tion of embryological discoveries and llendel^s dfecovenes we can 
state that tlie mystery of heredity has now ceased to be o myHieiy^; 
natni^e lias rohi^] for us a new fold of her veil. 

You kuow diat all living beings are formed from the aggregation 
of very numerous stnall living dements called cells, Eimh cell ib 
computed of a tiny mass of living matter, tlie pmiopliksm* in the 
(‘enter of a more highly orgevnized part* the *^noyaii*“ All living be¬ 
ings sprang primitively from a sin^e ceil, egg, or oAT:ile. The 
.simplest of living beings remain all their Dves formed of a single 
cell Sind reproduce tliemselves by sample division into two, from 
the cellular nucleus at first, and from the protoplasm n^iks^ I a tor* 
Hewlity among these lower forms of life m explained very natiindly. 
frince the two new beings are only, so to speak, a continuation of the 
primitive being- 

With heinga a little more complicatcil, the cellular egg under¬ 
goes succe^^ive divisions and produces a grout number of cells, which 
remain agglomerate, and the ensemble reproduces the morphology 
peculiar to each species, A certain niimber of cells from the interior 
of tilt body ure alone sna^eptible of giving birth to new- Icings; they 
constitute the eggs of the animal or the ovules of the vegetable. 
Although other cells are differentiated, the^ reproductive celle have 
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njnmine^J idetitirnl to the pritiutiv^ reprofliiriiig ceJL the ^mx^ssive 
of ii^hieh li*ve led to the formation of ttie belii|j m cpifs- 
tion* Here, the expbnsttion of heredity is not difficult. 14le 

new reproductive cell is identical to the primitise cell* It is very 
natiiiml that it^ evaliiliort should be ideation I to that of the im. 

Lx>ncliLioii^ Uowevcr. that it flodSt for its life utid development, 
«H>EidiL]Otis idctitical to those which the primitive cell found. Xuw, 
the54e eoxidilforiH e^t for loferior beings; they live in the dease 
ocean, vhkh hm a corapCJ^tiou very nearly stable. however, the 
conditioiLs of developiiient ary artificuilly made to vaiyj either the 
embrj’o dies, whkh is the frequent eontirigencyT *^r clesceiiil- 

Aiits are obtained vrhich differ from the parents liy their irregii- 
liirilies. veritable stiginfts of degeneracy ^unulogoqs to those of the 
descendfliiU of human belngSb^ the physicochemical coinposilion of 
who^* internal organs, of the bloody IiAlS been eiianged by slekncsss 
or mtoxicfliioiu as the children of discaii^d or alcoholic [}Lirenb£, for 
e.vample). 

Upon the whole, heredity h easily explained^ w^ell m deviatioa 
of herality. ua long as reproduction Ls a ques^tion of nonsexu^i] Ijdngsu 
K-lijeh inhcHt ibeir characters from a single parentt and not from two 
ill a time—the father and the mother* 

As lo Uie sexual reproduction of beingb^ die eminyologLst nbo gives 
IB isome very satiif: factory explunations which accord very nearly with 
lUose which ol}servatiotis give u^ ikn to the manner of heredity traws- 
mission, and pLices in a vivid light in particular the facts observed 
by Mendel and his siiccei^nk 

For sevtjally reproduced beings (we will speak, if you wish, only 
of animal^^ but it is ni^ ihe same with vegetable life) tlic e^gg— 
that b, the primitive cclh the successive division of which will fonn 
the new being—is cmu^ructe<l from tlie inti mate fusion of two celUj 
one of paternalt the other of mateniah origin, each one supplier! from 
a kernel* The particular point is the constitution of those sexual cells 
fruni the hcrnci- Their ripening (that is* the moment from whidi 
they lare susceptible of blending with tbe cell from the opposiu* ses 
to fornv the egg by that fusion) is marked hy a curious phenomenon* 
One 1ml f of their kernel is expelled; the kcriie] dividf^s itself into two 
with no special melhcxl; one of the halves reaches the pole of the cell 
and forms what i^alled tlie polar globule; then it is expelletU Each 
ttexual elemetit represents then ^ half celh at least where tlie kernel 
is rikti^rned; but it is the seed which is important in hereditary traus- 
missioti. Here ia proof of it; The sexual feminine cell is very large, 
cimtainiiig in certnin casra a thoiifiand times more protopWoia than 
the masciilmc eell, w Eiich [r very smuall and reduced almost to a seed, 
or, rather, a half seed However, paternal liereditv not less power- 
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fill 1 1)0II maternal hufcditj; ibe orig’iti from protopla^iii i’jiitjcs v'«*rj' 
lUtlfe woigLit from the standpoint of hoi^dity; what really matters is 
the origin of the seed. 

Since the seed is formed from two half seeds blended together, tlwl 
explains how it beats in it two hereditary characters at the same time, 
as Jiendel has shown. The Mendel formulas RR, RB, BTi are, then, 
in exact accord wLtli tiiat which the microsicope rereals to ns of the 
embryolugical mechatiism. 

In showing yon the Bfendel laws we liavo supposed » simple case 
in which the parents differ only in a single cliatncter, the i^fdoratioii, 

R. ’ and the albinism, B.” In reality there are u vori’ great nTim^ 
her of characters that make up the noyau, and eocii one ii^ double 
in each cell, as much frcmi the father as from the mother. In the 
cells from the fatlier each double character is formed of an element 
proceeding from the paternal grandfather «nd of an element pro- 
cwding from the paternal grandmother, one of the two being latent, 
Tlien, from the expulsion of the polar globule one of the two ele- 
nienf.s of each diuracter isexiielled, and the expulsion Iteiire by dmnee 
on tlie elements coming from the paternal grandfather on the ele¬ 
ments coming from the paternal grandmother. Tlie .tame happens 
in the motlier's cells. Finally the cellular egg permits of a very' 
great number of juxtaposition characters. The half comes from ilm 
father, half from tlie mother, and half iietwecn them arc latent 
Blit tlie proportions due to each of the grandparents are nut fixed; 
they are giren up to chance by the expulsion of the polar globule, 
and it is only when one coiiaidors the overage results on a great num¬ 
ber of subjects that ibe chances in an inverse sense balance each other 
and you arrive at the law of Galton; that is to say, one-sixteenth com¬ 
ing from each grandparent, ime-sixty-fourth coming from each great¬ 
grandfather, etc. One can romparc the juxtaposition in the de- 
BCeodaut of the diaracters of paternal anti maternal origin to a 
double mosaic, each one formed from little blocks of marble, added 
two by two; thut whicli ts under tlie corresponding block is the Inliuit 
character, the other is die dominant character species. 

In the same animal species the design of the mosaic remains always 
die same, but the matter of which each block U composed varies 
according to the individual. Two hrotbera resemble each otlier, be¬ 
cause the blocks selected to compose their mosaic are taken from thu 
two identicat sources; but they resemble each other incompletely 
because the chance which provides for the distribution of the blocks 
proceeding from the grandparents and for the elimination of half of 
each gives changeable results; the half of the blocks are eliminated, 
and it is not always the tame ones which are eliminated, ft is, how¬ 
ever, a rase where the resemblance between the two brothers is strilc- 
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ing. It b tlie fiftse of twin btoibers called ‘‘ tinivi toil ins.*' Theru are 
twins called “bi\'itQlliiiB,^ wlio owe their origin to the devidoptiient 
of two eggs side by aide; these da not resemble each otlier more than 
twii ot-dimiry brothers. But there are also twins called '■ univitel- 
iins,/ who owe their origin to the fact that a single egg is primitively 
etit in two and each half has developed a complete being. Then the 
idejitity is complete^ and there is no more striking demonstration of 
the |iower of heredity than to see these two beings, wbo are some¬ 
times brought up under different conditions, who choose ililferenr 
carwrs, and who, nevertheless, resemble eoch oUicr so closely tbut 
llwir families are apt to confound one with the other even up to 
extreme old age. Iji Uieso cases the inosnic is not only made on the 
same deoign (as is the case with nil beinga of the same species), it is 
not only farmed from hltwhB taken at random, one half each from 
tw'o^dMerent sets and distribnted at random, in two different stages, 
bill it is the same choice—I ahould say the same expulsion of the polar 
globule—which lias presided at the dtslrihiition of the blocks. It ia, 
tt? it were, n perfect replica of the some mosaic. Von see, ladies, how 
the knowled^ of ihew laws and the mechanism of berttiity explains 
certain facts up to this time eimsidered as unaceountable curiosities. 

It is not alone in tiie interest of curiosity to understand tite laws 
of heredity. I have told you tlint certain diseases—family diseases^ 
are obedient to tliese lows in tiieir transmission; thst the phyaicnl, 
intellechial, and moral faculties are inlierited In the same way* Tlig 
knowledge of these ]nws permits the avoidance of certain dangers 
that could result from certain unions. Up to the present time Juc- 
tor« are contented with dissuading in a general and vague way from 
a union with families where one of its members might have shown 
n physical, [isychical, or patliological defect (hut what family is 
entirely exempt from it), and to proscribe all consanguineous unions, 
Kfiieeforth tlie prohibitions shotiKl be more precise and more clearlv 
stated, and. on the other hand, pennit.s which would have terrified 
the ancients should be given witliuut any hesitation. Studies of this 
kind are but just beginning. Some inflnential societies have been 
fomua! in other countries for the study of this subject; in Knglantl 
and the United States they have become of great unportaiiet In 
France La Socieie Fran^aise dTlug^nique was very recenliy organ* 
izcfl. The results iilrcatiy obtained from ihi«e eff'orl,': are mftst 
encouraging. 

In closing this lecture I wish to call special attention to certain 
coiiciusiotts of practical importance. 

First. In micriibie diseases, and especially in tiilierciilosU, heredity 
is far from being fatal. One can hardly say thot diiJdren of tiiher- 
eulous parents inherit from a soil favorable to the develupinent 
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of the bacillus. If care be takco to avoid t'ontacrt with petsona who 
«re sudoringr frojii the disease, they will have » good chance ttj esciipe 
Uie terrible scourge. 

Second. jVside from the discai*s from niicrohes, there oitf other 
difionlerH, notably hereditary, known air family diseases. .\jid here, 
also, up to a certain point, the perpetuation of the disease may be 
avoided by binding oneself to certain strict rules. Each of these 
diseases has its wvn method of liereditary propagation, and knowl¬ 
edge of this method indicates the unions which the laws of heiedl^ 
prohibit. 

Third. Physicai, intcllcciual, and moral faculties are likewise in¬ 
herited under tiie same well-defined laws. But tliey are not fixed 
in Uie descent, as vTiien their heredity is hilaternl. 

Fourth. Great efforts are being made at this time to jjerfect and 
extend the Bttidiea relating to heredity? societies and eugenic Jabora- 
t/n-iea are being founded. We can hope that these efforts will show 
iiA the way to secure amelioration for the generations to come, and 
a ieswning of congenital defects, the frequency of which wei^ so 
heavily upon poor hunninity. 






HABIT.S OF FIDDLER rRAB& 


Bj- A. B, FlLiiHE* 


Fiddkr crtlts arc utiujjun.1 intBre^st an iiei.\jiiiit of llieir striking 
dimorptuiffli. The mule bears m oiiornioiis daw on one dck 
of the body which m m sfrikiiig contrast to its feeble mute on the 
opposite side, while the feinale has two little ehdipeds like the smiill 
claw of the male. Since the time of Darwin (iST4) thessc ernstacmria 
have been believed to furnish evidence of sexiiftl fselection. Tlie great 
claw and bright coloi'Btion of the male differ markedly from the ecu in 
pKrutivdy dull dress and s^nall bilaterally symmetrical L-hdipeits of 
the female. Alcock 1000,1002) iaeoWnced that (1000,p, .^51): 

lu oue iJiMS-'Icsip nt Jiujr rut* tlic wMell nre 

gmitlj- in exE,%fis of thf feimile*, us«& tlic bij? anil iMpiiutlfully t*olortd etwllpeii 
aot aalj for with «icb oikerp fiat aliHi for ^ tlie fetaalesp 


itJiuHAtteruLitu. 

Jiccording to the sitrne writer (189*2), ^litDC'EUwards describes u 
Solttli American species, in irhich the male and female lived together 
in s single burrow, the farmer closing the domicile with his large 
chela. But Caiman (1011) la apparently not convinced that the 
lists- of the great chela of male dddlers has been demonstrated, for ho 
.vaj-B ip, 1(K): 

Whnt the precise use of tlila eDormeua claw imif ho i)Me not Fcem to be iinlte 
■retiainlj known. It In luli) to be ased aa a weapon by tbc mnlM In ilgbtJiiR 
wltli one unntber. but It Meflia too clumsy to be very effleiopt for tbJe piiitohk. 
It iB often brlllluutly oelored, end bus hen imppoeeft to be a ocxaEil ndonuDGnt, 

The writer was first attracted to the study of the fiddlers by the 
great colonics of gaudy species which swarm along the beaches of the 
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ctjves and e'^uariis of Maiiila Uav. Later cxperuiu-uts ^^ere c*in- 
dueted on the eoiL.l of >LisaiohuiiCtt3, and these wero supplemented 
by obsen utious in the estuaries and mangrove s^vamps near Santa 
JlartOf Colombia. Altogether 13 species have been watched with 
considmbie care, and their behavior has been mmilar in all esscntml 
respccbi. 

fjENEIlAL IIAlllTa 


w 

Fiddler enh^ at^ diurnal- Other cnistaceans {ThalastiTui, Certdio- 
which inhabit the ocean beaches with them may be f^oimd at 
night if their haunts are visted, and they often stupidly sit m great 
imnibers, dazed by the glare of a light, hut fiddlefii retire when the 
sun goes down and remain in tlie bottoms of their burrows i 
moniiag. Fiddleis are said tx> be sometimes activo on inoonUgbt 
iilglits. but, at anv rate, a certain amount of light Is nccesai^y lo 
bring them from tbeir biirniws. Prof. Holmea (1908) found that 
Uca pugnax was strongly positively phototropic when tested undur 
lubotuton- conditions, 

Diircient spaiics of fiddlers often select the e^nct habitat, m wlucfi 
they are accustorngd to dwell with great nicety. On the coaal of 
UTi^sacbusetts two species Uve on die same beaches, but Uca puyiMW" 
usually digs its holes in mud, wbila U, pugOatcr prefei-s sand. In 
tlifl Philippines this sixwiScity of habitat gives rise to hddler zones 
along the populous margins of the eaUfOf. ‘ (1) Ili^ along the edge 
td the shore Uca forct/mta is found; (2) this swims grades into one of 
U. rafAiwaae just below, and is followed by (S) another in the softer 
mini of the deeper parts of the etstero, peopled by l\ marionh and 
Jjt ttutpufjya jiifufo. On the shores of Colombiii £■. is found 

in tha day near the mouths of rivors. and is also nbimdant with Ut 
mijvtr in the soft mud among the roots in mongrovie swamps. 

In addition to their diurnal habits and diBoriminatton in the selec¬ 
tion of sites for their burrowB, fiddlers exhibit a third striking pe* 
culiarity in their reactions to tidal changes. Countless individuals 
are seen on the mud flats at low tide, and active feeding is carried on 
then. The same is true when the tide is rising or falling- When 
the ooesn threatens to cover the mouth of a buri'ow, however, a plug 
of mud is carried to the hole and drawn down after the owner in such 
n way as to shut him inside. During a period of high tides burrows 
in low situations often remain closed for Beveml days; during low 
tides those on higher ground may be left open day after day, though 
the fiats dry out to such an extent that crabs can not feed easily and 
mnain at the bottoms of their burrows. 
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BUKItOVVS, 

In McaTtttiiig her biirroir ^ fi!iimle fiddler digs ^ith the ’wulking 
legs of either side. After n pieee of mud has been pned loose bv 
working under it with the kgs. it is cE^rried to the mouth of the hole 



Tia. S^rClL flWTDfq A kOA&nOU DXII WMm*- 

Dtbwh by Tom Jmm Ijom plutopaplL 


and deposited outside (fig. 2). The males do not use the big chela 
in clinging nr in carrj'ing dirt, but work much like the females. 
They gouge out mud with the walking lega and tisually carry it with 



Fm. a—VCA iLAftiD^AX. Malm oovcixa a njoa rmnu. Kim iniii 
wtum Tb CLCmA HIA fetrk:4J3rw, 
l>nvm lij llAltlft Wbkvimn from a pbn^iKtllltlta. 


the first three kgs on the Bide of the body bearing the small chela. 
Rarely they may be seen awkwardly carrying a load in the walk¬ 
ing kgs just behind the great ehela, 

a 013—27 
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1. STiiilly tbe f.\i'4vutoi| din is carried to a purticuljic spot. i5ev«?rsi[ 
inufaea ft'orn the mouth of tho burrow and placed iji a neat pile, "^riie 
-speed of exravation vnrks considerably, but the average tjnoe ln-tween 

IfMds ia UKttally from half 
0 minute to three minuter 
when a rmb m working 
steadily. 

Am has been stated, 
nearly every burrow is 
oloeect by me4m!3 of a tern- 
j>orHry onrtheni doorwuy 
when the tide rome® in. 
Often Uke tonuth of a hole 
is prepared by bringing in 
a bit or two of dirt frtnn 
outside or by earryiiig up some tiiud frmu i>elow. Such masses are 
pla^ered arnniid the month rsf the burn>w and snitaidied over in 
make the opening more nearly oireular. When all Ls i*eady the «tsi1i 
gnei^ a little way off and a disk of stiff mnd (fig, Z) which he 

cjirrie^ back to his hole. 

Tldrt plug he draws down 
ifi such n way tl^at the 
mouth of the burrow is 
rk e a 11 y and rompletjelj 
clof^d (fig* 4). WTien the 
mud on the bejich is too soft 
to make n suitable plug, 
luiid is pushed up from 
inmde the burroso a$ to 
eloeu it or the legs are pk*o- 
ti-mled a iittk and the 
n]waLng nearly closed by 
pulling a I the soft mud 
[hg. 5) until the small re¬ 
maining at>erturE can be 
easily plugge^l by pushing 
up ifuiteHii] from below. 
tVben n fiddler wishes to 
up^n a burrow that has 
4.wn tiftimllv pulls 

the door doivu into the holf-, 
where it is loft. 

I'iddlers necessity for havinj|T their biirrowi 

1 * « * L*® iiTEcnt, CJnM in XinssaelinsfttH 

Ip n all the gcHs fti, ^ thickly populated area aliqiit Q fe^t 


Tm- SL—Sraaimra anW a ftbiAoW nnuiHf 

Onnpn bj Tom Jeflin. 
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iiquare lUid ciiaged all the crab» into thpu* bolei;. ITien I liiit in front 
of this open spac* while the tide covered the mouths of the burrows. 
Though the crabs were timid and apparently fesrccl me, several of 
them rushed out when the water catne near and, after hastily grab¬ 
bing one or more pellets of mud, plugged their holes. 

Fiddlers arc vety cleanly in their habits, and may often be seen 
scraping themselves with the small chelipeds or with the walking 
legs# when dirt has accumulated on any part of the body. They nre 
parttadarly careful of the eyes and eyestalks, and these organs nre 
often fold^ into their sockets to be cleaned. \fud or debris is not 
allowed to aocimmlnte about the months of the fannrows. Fiddlers 
are often seen moving such matter to some little distance, where it 
is cast aside or pushed down the holes of other crabs, 

Crabs of either sex move sideways when entering the burrow, and 
the males usually have the largo diela uppermost as they disappear. 
Tlie holes arc. iis a rule, of unifomi diameter, though they may be 
slightly enlarged at the bottom, and often turn so as to take a hori¬ 
zon tot direction. They vary in depth from about 10 to 75 cen^ 
timeters. and usuaUy have water standing in the deeper parts, even 
when the tide is out. 

PLACE ASanciATIOK, 

.■V fiddler usttally does not wander more than a meter or two from his 
hole, and is ever ready to dart into it at the slightest provoentioa. 
Occasionally, however, a crab roves as much as la meters from Iiis 
home and returns. Onc« in the Philippines a Uca martofiit nitid^ left 
its hiirroa" and dug u new one meters away; another individual 
moved hia dwelling place 2,4 meters; but such cases were uiiijr^iiai. 
Most ernbs showed a strong preference for a particular locality. 
Place association is also mEintfest when fiddlers carry mnd from their 
borrows. Successive loads are not cast aside arnwhere, but are usu¬ 
ally cairknl to a particular spot and laid In a pile. 

A tuimher of trabe were snared and moved various distances from 
their holes to see if they would retora. If the space was less than 
i! meters, they usually came hack at once. At greater distances some 
crabs dug new' holes and reestablished themselves, even thmigh they 
were in plain sight of their old homes; others tried to return home, 
and were not able to do so. It is by no means easy for a strange 
fiddler to make his way tlirough a densely populated portion of a 
colony. He is set upon by every crab whose hole he approaches, and 
may lose his claw or even his life in such an engagement An Indi¬ 
vidual put down in strange surroundings acts shy and timid. Not¬ 
withstanding the difficulties, however, some crabs returned after sev¬ 
eral days to the hole they had previously occupied. One indiridual 
was moved G metera, and returned after 53 days to within 30 centime¬ 
ters of his old home, which had been filled up by the tides In the 
meantime. 
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FKKDING. 

Fi!inEle fiddtei* cfabs feed by sciiopitig' up tmid with the liuiry 
^pooidikc fingers uf the ebeUped^^ wnd cam-ing it to the moiitlu the 
two hAOfbi aUi?matifig rapidly^ The li&E only the small cheli- 

pod when feeding. The feeding appendages are well suited for the 
work they have tn do. Their togers are flattened ajid hoUovced in 
etidi fl way that they form admirable dredges for carrying mud to 
the muutli. Crabs Ji^eldom try to fcefl when the fimts are dry and 
nro mcKil active when the tide ia fallings The motath parts sort over 
the mud which is scooped up and a mass of rejected rnateriral collects 
below them to drip down or be wiped aiw^ay now and then by a 
chdiped. 



ne, A—Miu osDUBd inamiStiia ■ 
DnwTL by tiiQi Jgoid- 


An examiDutioii of tke stomnehs of eeveml fiddleri> showed that 
the diet is lai^oljr vegeturiati. The food consists mostly of ^inall 
Jilgar sifted from the mud. But flddler^t like inoht crabst will eat 
nearly anything thnl k east upon the beach-^ead fish, dead eralw. 
planU, etc. 

DEFENSE AXtJ OFFENjtE. 

A hdiiler crab lives ipii a beach crowded among vast numberif of 
his fellows, but hk intercourse with them shows no derelopmeat of 
social inslinrtiiv lie has selected his most suitable liabitat, and the 
fact that he is suirounded bj' hundreds or thousands of hU own kind 
is more or less incidental. Each fiddler oeatrlies the mud around his 
hole for food, and ** hie hand is against every man.'’ He is ever ready 
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to dnrt into his burro ft’, nnd if {]au(^i' threat eme he tjuiekly retreats 
to this refuge. If one of his fellows enero&ehes tm his domain^ how¬ 
ever, he rushes forth and enters into Herce combat, Bjaeh crab niaUes 
his hole the center from which his activities are conducted, and he 
treats the approach of any intnider aa an unfriendly act. 

Though cx>mbats between two males are most frequent, males $ome- 
titijcs fight with females, and tnemhers of the weaker ses not in- 
fretjuently struggle with each other. If two males that differ 
marke«lly in size fight, the larger combatant usually takes little 
interest in the fight and soon makes off, even though he may 1» hoUv 
pursuwl hy hb smaller antagonist. Wlien a smaller fiddler trespass® 
on a laj^r emb’s territory, however, he is soon chased away. The 
most spirited combats arc between males of the same species. 

In fighting (fig. 6), the males face each other and often dance 
about excitedly, ot the same time franticslly waving the small chelm 



—PlWLtia CEnMptKa TTlIIJIt bURMiWi, 
Drawn ttf T>0 hi 


Tlie larp chela* are locked together, like two men shaking luinds, 
and ®ch contestant attempts to break off his opponent’s daw by s 
n wdden wrench- Ths strain is so great that when one of the 
fighters Im^s bis hold ratlier tlian lose his claw, be Is often thrown 
backward into ihc air, sometimes aa much us b meter. The writer 
has never seen the great chela used as a dub in fighting, as Ucock 
(im p. 416) maintains, but it often serves as a shield to ward off 
a thnist. If a male gets tlic worst of an encounter, he frcqucntlv 
^treats into his burrow and guards it by extending his daw from 
* . (Fig. *.) Soraetim® one mule catches another nap- 

pmg and enters his burrow. In such cases the owner waits nervously 
about until the intruder com® out and then chases him away, or lie 

intruder with his large ehda extended 
before him and usually emerges soon after followed by the intruder 
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Some of the RctiTities of fiddlers are like tlio^ displayed by higher 
animals while nt play. Crabs frequently dart about witliout a 
series purpose, and are sometones downright mischierous. On 
one occasion a male was half-heartedly pursuing a female. She went 
to her burrow* secured a plug nearby, and shut herself in. The 
n Lille iheii f.Tiine directly to the burmw. the plug, and ca^t it 

to rjLK» ride- The femuJe was? ju^ emerging from her burrow when 
the writer ended the epi;^ode by frightening the partieipants by a 
sudden inoA'ement^ ^luptlier time two males of medium size wTre 
i^ecD running about for perhapts half an hour over an area abont 12 
meters in diameter. They kept close together and acted like two 
mii^hicTous sailors ashore. The tide was coming in rapidly, and in 
iheir nimbles the pair came to a place w'hcre a largei slow-moving 
rrab w^as canying a plug to ehjse Ills biirrow'. The pair wait^^d 
until the plug had 1>een puile<l down, then one of them went to the 
hole und removed it; as the outraged owner emerged they scmtled 
Jiw‘ay. To llU appearance^ actiritie^ like those just deiscribed were 
carried out In n spirit of ^ sport." 


MATING. 


During the mating season a fiddler-cnib colony k an iuteresting 
place. If a feznnle walks across iJie mud every male niands at the 
mourh of his hole and waves hia big claw frantically up and down, 
often □c.'coiituatiiig such rnovemetit^ hy squatting and stretcliing with 
his walking legs. (Fig- 8^) If n female approaches he makes every 
effort to indues her to enter his hurraw, frequently dancing or pos¬ 
turing before her. 

A courtship will be described, w'hieh was ol^served at isortli Fab 
mouthy Ihla^, July U, 1912. The male waved, ond at 12.17 p. m- 
ihe object of his attention approached and went part way into hk 
burrow. He rushed up and tried to push her in, hut she reskted. 
Ho then retired 3 inches and ri.ood motionle^ for three minutes with 
his ekw otitstretched in front, then fineaked up and again tried to 
push his prospective mate into the burrow. She ngain resisted, he 
retirtd, and both were quiet for two minutes. The male then ap- 
ppoaehed caiitioualy and stood motionle^ with uprabed chela close 
to the female for three and & half minutes, then he again attempted 
to push her down, but without success. He then raised his clow and 
standing high ™ his li^ mssumed a statuesque pose which he held for 
10 mniitfs (1 took his pirture. Ep. 9). Tho female, meanwltile, fctl 

TlJ JmT ** inches, then went part wav down 

tb<? le. Whan the n,*tp again approached, she dodged, but came 



minute. She dodged away, agsm cmne back, and the mate stood over 
her again. At 1S,42 he 'went to one side of the burrow^ obe to the 
other; and they stood thus for four minntes. At IS.46 the female 
moved away an ineh, at 12.,5S the male dodged ([iiickly into his 
barrow, and the female went up to him, but a minute later she 
moved away several feet and finally went ekewhere. The male. 


a. Uv* moiEiAm. MAtt wivjxa in* cekit (tl*!* wi raB 

4TmiTiiiB ar 4 j'utujt 

lif»wa hf nkrtl# Walc^auia m ptrcforrm^ At 'Wmt Fkl- 
Bwatlti Uah, 

however, was soon consoled, for at 1.03 p. m., he was standing at the 
mouth of hie hole waving at another female. 

Tile male made no attempt to use his great chela in holding the 
ema e. After his hrst rush be bad every appearance of proceeding 
with great caution—as If he feared a too arduous wooing might cause 
his proe^tive mate to leave, .\fter every repulse he retired a little 
way an displayed his charms for a time before maklnn another 
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back and entered the hole^ The male stood over her for more ilian a 
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udrancc. Anparentlv he wns attempting; as (.'hidestcr (1012) soys, 
to “ demonstrate hLs tnaleness.*’ In tlie Philippines crab& were often 
&ceii standing motionless with outstretched claw for ns much as 
20 minutes. (Fig. 10.) Perhaps auch indiTidiiab were looking 
for a mate. 







Wta, SO.— Vcjt rufeciTATA at ATTwrmv, 

pnfrn by T 4 ai Saturn » pla^iroffi^ptu 


FlO, H.—'UcJi Malt ik NErpriMg attittuh BSirmm A rEsuit 

Drim bt Tibttb Wilkticwa e pbatt^^flpb takm At ^tnt Ptinivulbp Mam<i 

July 1 im2. 


Probubly fiddlers copulate in the burrows of the male^^ 
httve never been se4ii to do so, Expeclmeiits have been i. 
the IftbajTitor)’, however, in which the uniting attivities 
servetL Jellj glasses were fiUed with clean water to a depth of about 
an inch; n mole and female iverc then placed together in caeh« Sev- 


; 1\ t they 
il )h 1 in 
4 ' rc ob- 


eml copuUtioua were observed under mch oonditions. In no case did 
a male use hia great chela in maul pul a ting or hnldlng the female, 
and that organ wm not used m a ‘^ nuptial couch,*^ as some have sup¬ 
posed it would be. A dgure has been published ebewhore (Pearse, 
10l4)t ’"’hicb shows the poflition assumed during coptdatioiL 
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UKNKIiAL i'OXSIDElLlTIOiSS. 

Fiddlej's Erent other nnimalH with sii^idoja. Any large moving 
object ciiuiies them to retreat at once to their burrowBj although they 
soon emerge again if the object is not near at hand. Most crabs re¬ 
treat into their hnlea when a man approaches within 15 meters, but if 
one is careful not to make anv quick movenients he mar sit apparently 
iitinotjced within a couple of yartb of an active fiddler for hours at a 
time. Large adult crabs like S^sAarfFia ltdem are avoided, hufc small 
crustaceans of any species are at once attacked. Any strangje an inlaid 
however small, is avoidetl: the writer once saw a saiall hermit crab* 
by moving quickly along the edge of the rifilng tide, every 

fiddler near to run for its hole. The fiddler's burrow furnishes a rc- 
I real from many enemies, and hh speedy reaction toward it in re¬ 
sponse to all movements in his field nf vkion would help protect him 
from the heronsj snakes* skinks, frogs, toads, ami fishes that com¬ 
monly hunt along the shores of the estuaries. 

In I'eacting to its siirroiuidingi& a fiddler crab apparently ujses its 
senses of sight and touch most, although the recognition of chemical 
subfitanees may be imjiortant in securing and selecting foo<]. Tlie 
eyes are very quick to note any movement in tlie land^scape; they are 
held straighl upward, except when their stalks arc being cleaned or 
when a crab is entering a burrow. Feeding probably depends mostly 
upon the tactile and chemical senses, for the usual position of the 
eje54 is sudi that the small chelai can not be seen aa they pass food 
to the mouth. Such loud noises as whistling, hand clapping, giui- 
shots, and locomotive whistles produced no apparent reaction from 
the fiddlers, nor did the stridulatinn of the large decapod, 

(Herbst), that builrls its burrows among ihcm in the 
Philipiiines^ 

Although fiddler cral^a live togetier iu enormous colonies, they 
show no cooperation with one another, nor do they manifest anv 
tendency toward such oominutial existence as that displayed by some 
oLiier arthropods; for example, ants, bees, wiLsps;. and termites. In 
tliii^ tlicy agree with other cnistaceans, for^ tliougb the animals of 
thig class exhibit an endless variety of structural adaptations jjuited 
to various habits la and modes of life, none of them has taken advan¬ 
tage of the opportunities offered by a cooperative communal a^ocia- 
tion among members of the same species (except in some instances 
in which the male is intimately associated with the female)* Ah 
though the females of many species carry their eggs and newly 
liatched young for a time, the assooiatiou of the young with their 
mol her is nominal, for she never feeds or cares for l^em. The strug¬ 
gle for existence b nowhere more apparent than in the midst of a 
fiildier crab colony. Each individual jealously gtiarcte the area about 
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his ovn borrow »uid immediately Attacks any invader of this terri¬ 
tory. tlLs pugnacity is ever ready to shovr itself ngainid bis fellows 
that swarm about him and agni^ nnmeraiis compeliioi^ of other 
kinds that nbo iseek to eke out an existence from the area he has 
chosen for his own. 

The fiddler's chief competitors for the food op the beaches are 
other species of crabs, various smaller animals such aA ^lails and 
worjn.% and some larger ^ciimaL-i like fishes and birds. In addition 
to honest competition the fiddler must iwkon with s£>me larger ani- 
mals« whidi seek not hi& food but himself. Among these tho rac- 
hcrnm?+ snakes^ skinks^ frogs, loads., find fishes are most 
important. 

The Ijdiavior of tlir fiddler is adnurahly ignited to enable him to 
gain a Uveiihuod and at the sAtne lime escape injury or death fron^ 
his enemli^ HIk aggressive attitude towai'd members of his own 
genus and toward od^er crulifi of similar sixe keeps enough i^pace^ clear 
Jibont hU burrow to enable him to sift bis simple diet from the mud 
in comparative safety, Furthemofe^ the way is thus left clear for 
retreat to his burrow if danger thrcEitens^ and tJie fiddler is not slow 
in dodging into his hole as soon as any atrauge or threuteniiig object 
moves within his field of vision^ His hurrovr is the center of all hia 
activities, and his association for the place where it lb situated b 
very strotEg. Fiddlers are protected from night prowlers by their 
diurnal habits, and they escape the fishes and snakes that hunt m 
the edge of tlie advancing tide by closing the openings of tbdir bur¬ 
rows when the water th rente ns to inundote them. 

Although the majority of the react ions of fiddler crabs ore stereo* 
typed and appear to be iustmetive, yet they am open to some modi¬ 
fication, Tlie <laily IVfe of a fiddler k more or Isss of a routine—to 
dig a burrow^ urset'k food sts long ^ tJie territoiy' abuiit hh burrow is 
clear, to ait nek small aggriK^sotB, to retreat from large enemies, to 
plug the burrow wdien tJie tide comes in, to open it when the water 
ivc€!di?Sp to retire during darkncsif^ and to mate at the proper 
Tlieno are hb ordinary activities, and they depend largely upon 
uiwaried reactions^ Soino instincts are so strong that^ although 
umially ailvaiitageous, they may be harmful; for exsmptet place asso¬ 
ciation and instinct to retire mto her hole was strong enough to cause 
a certain crab to remain for some time in danger when the burrow 
could not be entered and she might have escaped by runniug away. 
Kevertbcless, a fiddler shows some ability to modify Ma reactions lo 
suit ciministauces, such as departing from hia usual method of car* 
rying mud from hiis burrow, using ilifierent ways to plug the burrow^ 
■lid ill aotnc otiier liciiviti^ 

A fiddler crab is able to establish a place association for a certain 
Locality and to reuin it for as long a£ three weekau Some actmtie 3 
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migJiL bt InL&rpreied as maBif&5tiitioii.^ of u tlmre to play. The ui- 
stmct to Rghi mal^ of Ms o^n species and ii3JC4.» is \u^ry stnmg in a 
fidcilen yet this instinet is mare than a fighting reflex,*' far he is 
sloYT {0 re^nt an attack by a smaller nmle^ 

Concerning the structural differencea between the seses, it may Iw 
aflirmeii tlnu the gr^at chela of the male does not serve for burrow- 
iiig nr feeding. In fact, it is rather a disadvantage in ciUier of tliese 
actintiea The great chela closes the bniTaw inasmuch as it fills the 
opening as a weapon of offense^ but is not used us a lid or stopper. 
It is of iio advantage during actual muting, but uJsquestionubly 
serves as a signal which is w^aved to attract the attention of female:^. 
The great chela is of undoubted use to the male in combats with his 
fellows and in defending himself from other enemies- Tn this respof^i; 
it is comparable to tho secondary sexual characters of some other male 
iinimals;, such as the stages antlens, the cock's spurs, and the tusks of 
the walrus^ Among higher animals in which the males ptissess such 
aggressive orgEitis, however, the feniale$ ate protected and ceml for 
to some extent, but nothing of this sort, is known among deeaptid 
cnisLaceuns with secondary' sexual adapiatians (iJeo, Aipheti^^, and 
otliers)* Thus, although many of the crustacea have two adaptations 
wliicli might lit them for colonial life—tit rough the mother carrying 
her eggs and young for a time, thus having opportunity to start a 
colony with them, and through the aggressive adaptations of the 
males, whidi might enable stronger individuals of that sex to gather 
a number of feu:tales about them—their instincts have prevented 
them from developing U, 

AhM>ek (iSOii) t^ljeves ^no one can doubt that the claw of u nude 
bus become conspicuous and beautifid in order to attract the female,'" 
and that it ia used as a signal to charm and allure the fcmalm*** 
Though there are perhaps such minor objections to such a statement 
of the case, it is certain Uiat male (Iddleni do ivave tlieir claws, dance, 
and pose in the presence of females. It must be adiniited, also, that, 
though bright colors occur on other parts of the bodies of both 
tJie great chela are always colored so that it is conspicuous. At pres- 
eni it k not possible to state just what part specific colors may 
play in attracting the females of particular species. Tiio problem 
should be studied during the active mating season wilh special refer¬ 
ence to color. By observmg the coloration of males actually cht^u, 
by painting the chels of rejected suitors, by “ waving ” colored mock 
chela\ or by other tests, a definite conclusion could doubtl^ be 
reached. Until such experimente have been made it can hardly be 
aflinui'd tliat fiddler crabs show the operation of sexual selection 
through color discrimination 
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[ With 10 platfct, ] 

Th0 abiiloflo belongs to ft famDT of inarine saails.. tbe Hflliotidee^ 
which has niftfiy reprea^ntatives in tho waters about Africa, TndLa^ 

Japnn, and tho neigbbonog islands. Six species and one variety 
have been described frfmi the Pacific coast of Xorth America, but 
none from tlie Atlantic coast. XTndcr tlie name of ormers, sca-ears, 
or ear shells, this gastropod occurs on the coast of France and among 
the Channel fslands, but IImj species are most abundant in tropical 
and semi tropical regions. 

The abalone is of importance because of its beautiful slieU, polished 
ns an ornament, or manufactured into many kinds of novelties and 
jewelrj^ Gleaming with the iridescence of the rainbow and the 
aurora this lovely shell is fit to be the chalice of Eos. Pearls may be 
secreted around foreign particles accidentally, or designctlly, intro¬ 
duced between the mantle and Oie nacreous layer of the shelL The 
molluak PholQilidea tuny boro through the shell and cause the forma¬ 
tion of the blister-pearl, or we may bring about the same result by 
inserting a prepared form. Thou the meat, either fresh or dried, is 
of much food value. 

In the commercial fishery of aba tones, one or more crews are em¬ 
ployed, generally made up of Japanese, but sometimes of Chinese or 
American fishermen. The boat containing a crew is either rowed, or 
driven by motor, from the camp to the fehing grotitu^ The crew 
consists of the diver and his fi assistants. tVlion over the right bot¬ 
tom tiic dii'er is clothed with his suit, the helmet screwinl upon the 
braa: collar, the heavy lend breast and back weights adjusted, and tlie 
air pump manned. One man takes the diveris signal rope, another 
tho ho^ from the sir pump, and the diver, with n net nttm-bed to a 
rope and his shucking chisel in band, is assisted over the side, clituhs 
down the short ladder, and drops through the water to the bottom. 

bj pprm|«M|oit (nua 1’lw r^Jpuiir SclBm« Hobibly. JBja, 
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If Ut? finds till? flbalones plentiful, work is continued in depths of from 
SO to feet, io four-hcjur shifts. The man on the boat with the 
flignnl rope in hsnd follows the couiree of the diver by thd constant 
Ht renm of nir hiibbles 5 rising to the surface. When the kelp is thick 
one mim hns li knife on a Song pole with which he cuts the i^oEiweed 
end keefK the air tube clear* 

The diver finds it an easy task to detach the ohalone from the rock 
if ho pushes the shneking cSiisel under the expanded foot before the 
animal is alunued. If, however, the diver hesitates and the obalone 
contracts its miisviilar foot n powerful pre^L^ure is exerted- One or 
t^o ta_Hes have been reported of the drowning of Chinese fishermen 
who have had their hands caught by the aha lone and thus hold until 
overcome by ilit rhdng tide- The diver secures a net* full of abalofies, 
gives the signal, aiid tlie mol Lusks are hoisted aboard and stowed 
ladow. The net. filled with about TjO green and corrugated abstonca 
may be hauled up every six or seven minutes. During his shift 
below tlie diver gathers from SO to 40 basketfuls, each containing 100 
pounds of moMt and sbelh or altogether li to 2 tons. 

At Santa Catalina Island, Eitid later at San Clemente TsJand. in 
company with a Japanese diver. I donned a diving dress for suh‘ 
rEiariue exploratioiL On one occasion the assistant failed to tighten 
the wakt belt which b dessigned to keep the air in the upper part of 
thu diving dress. The men at the pump worked with especial as¬ 
siduity. and os I droppctl off the ladder the Infiated rublwr trousers 
lirmed my feet uppcniiost. Head down I went through Go feet of 
water, and ilmu not in a position for quiet reflectjoii, remained some 
moments bcf*ire the Japanese as^^istajits concluded that my signals 
wen* not being made just for tiie fun of it. After being pulled to 
the surfflccr reversed and i^elieved of inferior inflation^ a successful 
descent was made. The siibninrine joume}" is a wonderful experience. 
The bottom of the sea seems made of grains of gold and silver^ shim¬ 
mering in the penetrating sunlight* Upon the face of a precipice, 
large specimens of the green and coraigated abalones rest. The shell 
of each is covereti with a luxuriant growth of algw, hydroids, and 
tcntacled tube woniOf^ which mask the creature from its enemies* All 
oia^ul an! large fish which swim close and poet through the gloss win¬ 
dow of the helpnetv An enormous sting-rav indifferently floab by* 
fine has a fellow foelitig with these unfrighted denissens of tlie deep 
in the fascination of obsenung their behavior under naturnl con¬ 
ditions, 

111 gutlierbg abalones sometimes a crew la composed of six divei^ 
who work without euita up to a depth of 20 feet, and soine of them 
refnam under water for as long as two minutes. These expert swim- 
1111 r- protean Uieir eyes with glasses and wear cotton in their oorn- 
ihev ptv' off the nhaloties with a ahneking chj^el, often filling their 
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arms otj the way to the hoot. Every two hours they miirn to the 
launch to lie warmed at the fire. It takes the united elForts of these 
six men to e<|aal the cntch of one lilver m a suit 
The ahnlone has a wcIMevetopecl head and a powerful/adhtMive, 
creeping foot. The shell is flattened, and the spire, which Ls such a 
prominent conical structure in most snail shells, is depressed ilnd 
iticnnspicuous in this form. The last greatly enlarged whorl contains 
the boily, especially characterised by tlie eoonuous columellar muscle, 
whose fibers nin from tlieir origin upon the muscle sear, or canter of 
the shell, into the foot. NumoFous contractile tentacles arise from 
the fringed epipodial fold, or ruff, around the base of the foot. The 
gills, alimentary system, reproductive glands, kidneys, heart, and 
blood vessels and tlic piillial and visceral sections of the nervous 
system lie to the left of and behind the columellRT muscle and foot. 
From the moudi cavity the gullet leads backward to die enlarged 
stomach, which is divided into two compartments, and rccrives the 
digestive juices from the large digestive gland nt the himl end of the 
body. Two pairs of salivaiy glands imiir their secretiens into the 
Iwccal cavity. The intestine rtina anteriorly to the side of the head, 
there turns on itself, and proceeds back to ihe stomach, where it again 
goes forward, pacing through the venUide of the heart, to terrnlnate 
in the aims, which opens into the gill cavity. The shell is perforated 
toward the left by a series of openings lying above a slit in the mantle 
fold leading into the gUl cavity, whence issues a stream bearing the 
excrement, respirutoiy, and excretory wastes. Three tentacular proc¬ 
esses front the edges of the mantle deft project through these holes. 
As die anmial grows the aperture^ in the shell behind the respiratory 
ca vity are elosed up and new ones are formed nt the anterior edge. ' 
The head terminates in a short snout, on either side of which is a 
somewhat slender olfactory teutade, and slightly lateral to this « 
shorter and bi'ouder optic tentacle. Two eloiigked ganglia lying 
above the month cavity may be called the brain. beenuU they form 
the center for nerves from the eyes, olfactory tontaclea, snout, lips, 
and other parts of the heatl. The eye is a simple cup-shaped depres¬ 
sion of the cpithdiiim on the end of the tentacle, the cup is filled 
with a gelatinous lens and it has dear and pigmented retinol cellir 
connected with fibrils from the optic nerve. The shadow of a hand 
passing over the abidone in an aquarium causes the animal to con¬ 
tract the head end of the body. Hence the abalone differentiates 
various intensities of light, and thus possesses a primitive .sense of 
sight. The contractile tentacles ninning out in every direction from 
the ruff are end organs of touch. Each has a tjerv® connected witli 
either the right or left pedal cord. Tlwso two centers of innervation 
run through the middle of the foot for the greater part of ibs length 
and an* cnniiedcd by crofss fibers. Ttiey not only receive stimuli 
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from the ssensc organa of tlie ruff^ but govpm ihc multitn<le of muscle 
fibers whicli form the foot. 

Sjcfttlered nil Over (tie exposed parte of the body arc iong apui^c- 
shaped cells which nwy respond to such mechanical and clieniical 
stimuli as to make of them iadehntte end organs of touch and smeiU 
In the door of the lusDtle carlty u wo ter-testing sense organ, the 
osphradium, extends along the base of each gill- Tlie cells of this 
simple end-organ are chemically stimulated in such manner that tlie 
aha lone has senssations of smell, warning it- to shut off tlie inenrrent 
water when foul or containing some poisonous matter- 
If a piece of kelp is held motionless in front of the body, the nni- 
nial soon responds by reaching out the cleft anterior portion of the 
foot. These fingerlike processes grasp tbo seaweed and pull it back 
beneath the niouth and foot, where it is ftrmly held. Cells in the 
mucous Uniug of tlie mouth cavity are stimulated so that the animal 
gets the sensation of taste. Covering the tongue is a long horny, 
htelike structure, the radula, with many tboiisanifa of chitinous teeth 
uTinraetrically arranged in transverse and longitudinal rows. The 
teeth are pointed backward, and as the tongue is thrust out and drawn 
in, the radula rasps a bole in the succulent kelp, carrying the frag* 
Tiieiits of food to the opening of the gullel. Two chitinous ja«‘s, one 
at either side within the mouth, but united in the nvidline, serve us 
sempors to hold bock in the mouth cavity the particles of food ad¬ 
hering to the radula. This method of feeding abalonea individually 
by hand is of importanoe in easily caring for the animals in confine¬ 
ment iu aquaria or in inclosed pools or li^'o boxes in marine fanning. 

As food the obalone is one of the best of our marine mollusks. De- 
tarhnl from Ihe shell, the idsceral mass ami mantle fringe are 
trimmed off from Uie large central muscle, wHch is then cut trans¬ 
versely into slices. These small steaks, when beaten four or five 
times with the flat side of a meat cleaver and then fried in butter, 
(ire lender and delicious. The meat is also e<]ually delectable when 
served as n chowder or minced. Besides supplying the local market 
the molhisks may be shipped across the continent for when iudivid- 
uats are placed One on top of the other, in a sort of a living nest, they 
will survive for as long as six days without w’atec, feeding upon the 
organisms and organic slime covering the shells upon which they 
rcsti tVhilo the American market is not suflicientty developed to 
create bti active demand for fresh abaloncs yet in a dried State many 
lire shipjied to China. After being gathered from the rorics by the 
diver and taken into camp, the sitells are removed and the abaloties 
thrown into vats of «ilt water and left for two or three days. In 
this numiH'r, the pigmental mantle fringe is removed iind the meal 
preserved. The nbaloncs are next washed In large ttibs by means of 
w'oodon paddles and then cooked for one half hour in water almost 
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at Lhe boiliog tempurature not oaly far Fieri lUatJonj but to give thfl 
rnent the desired rounded shupe. With dipnefe the Japanese ^ork- 
tiien rtmove the abalones to baskets and earry them io the drying: 
frani^ where they are laid out in trnys in the sunshine. After four 
or five days, or longer, if the tempera tore falls, the partly dried 
nhaloiies are cooked in water for the second time for one hour. Next 
they are smoked in charcoal amoke for from 12 to 24 hours, and then 
foi' tlie third time placed in boiling water mainly for rinsing. Now 
they are dried for a period of six wedfs and after a final cleansing 
hath in Luke-warm water made rErody for shipment Durioig the 
process of dtyitig the meat loi^ nine-tenths of its original weight. 
Wliile hard and tough, like dried beef, it may be sliced with a sharp 
knife and eaten with relish. When dried the meat hriiiga from 12 to 
14 cents n pound for the gi'ecn and cornigated apmos, and from 8 to 
10 cenbs for the hlack abalano. of the dricfi abalone goes to 

China and there tjELaUy, at retail, brings 75 cents per pound. A camp 
of 14 Japanese fistiemicn brings in 30 tans or more of the fresh 
abalone in a month. There is considerable business in canning 
abalone for the California markets as well ns for New York and 
tlonohilu. The abalone of Japan, the awabi, is a smaller species and 
the holes of the shell are relatively large, so that only tlie central 
part is of valiiCt chkfly for iiae in inlaying. Gathering alMlones k 
especially carried an by women divers, who swim out to the filing 
gr{>unds and work in depths of from d to 8 fathoms, Peark are nut 
often found, but the meat k dried and sold as dark red disk^ strtmg 
an sticks, 

'I'he faniiiitir polished abalone shells have gone nil over tho world 
and 6ver_vwhere are highly esteemed as ornaments. The siieli is pol- 
islicd by grinding U first on a carborundum wheel until the desired 
colors arc reached. The shell is then surfaced by a wheel of felt 
sprinkled with earfaorutiduni dust glued to the wheel. Finally it is 
pulislied wuth a wheel made of many layers of cotton on the edges of 
which tripoli has been nibbed, Thia wheel is revolved about twenty^ 
two hundred times per minute, Tlie quality of being easy, or iiard, 
to grind and palirfi is spoken of by the manufacturer as the texture 
of the shell. 

The shells arc sorted into two ofassesj but ardinarily classes 1 and 
2 are mixed togetlier. At Avalon, in 13T0, when the meat sold for 
& cents a pound, the green shdb brought $30 a ton. At die pra*ent 
time the green shells are sold at $125 to $1S0 a ton, the black at $30 
to $100 a ton, and the red at $40 to $75 a ton. The black shells, with 
especially good pearly centers, bring from $300 to $500 a ton. Owing 
to the increasing scarcity of good green shells there is a growing 
tendency to use the centers of the red ^hdls for jewelry* 

+4f^i*_aai 1013- ^ 
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When the shells ere cut into orrmmentag Ois ma.tiy tie 15 pieces in- 
eluding one scimitax-sbitped paper knife made from the lip^ or rim^ 
may be produced from one sbell of about iJ2 inches in circumferenoe. 
At an ftTemge retail price of 50 cents for each of these pieces the 
producU of the aliell would rearize $7.50. 

The blister pearls are more or less extended elevations of the Iruicr* 
pearly layer of the shell| farmed by the secreting celb of the inojitle 
in defense of the invadingt boring moUusk^ Pkcladid^a parva. They 
occtir mostly in the red abalone^ with only one blister pearl in about 
1,000 shells of the green or black species, X crab, which infests the 
aba lone ut certain masons, may be the cause of such formations, and 
one exhibited the complete outline of such a crab^ Fre^iuentiy tlie 
blister pearls are farmed aver sea-urchin spinesT chiton, or razor-clam 
shells, pebbles, and other foreign bodies retained beneath the mantle. 
Some times a diaeased visceral hump is cut otf and covered by nacre, 
making a bnge blister pearU 

Tlic free pearls have the colar of the inside layer of the shell, vary^ 
ing from wbit^i to green or pink, according to the species* They soil 
from 50 gents for the smaller ones to $1^5 for ane of 25 grains, 
Occastotial pearls urc so large and of such fine quality os to s^ll 
for five hundred or even one thqutyind dolliu^ The ft*ec pearl-i arc 
fref|uenUy faund within the stomach. During the year i^l^2 over 
66.0W blibior pearls and 4,000 free pearli wete Dbta:med from the 
abttbne fishcnneii« 

The origin of pearls has been n matter for speculation duriug many 
centuries. As related in ancient folklore, the pea^rl oyster, rising to 
tiie surface of the sea in the early morning, opens wide the valves 
of its shell, so tlmt dewdrops may fall within. Under the iniluence 
of the air and warm sunshine lustrous pearls develop from tliese 
glistening drops of dew* The pairls are white when the weather h 
fair, but diirk if it h doudy* Thb belief was held from the first 
to the fifteenth centuries when tlie tbeoiy was advanced that the 
egg:> of the pearl oyster serve as nuclei for pearls. About the middle 
of tile sixteenth century Rondelet concluded that pearls form from 
diseased concretions^ and then, in ICOO, Anselm us do Boot demon- 
stroted that tliey ore made of the SJUne substance as the shell. Reau¬ 
mur. in 1717, showed by aid of the microscope that the pearl is com¬ 
posed of concentric layers of nacre, w'hich we now know s^rve 
minule prisniA to split up the white light into the rainboiv tints so 
hcnutifiil when reflected from tlie surface of the pearl. In the mid- 
ille Hi-f the ninctDcnth tjentury from an investigation of the fresh¬ 
water mu^h of Turin Lake, Filippe proved that the stimulus for 
tjcarl formation in that species b a trematode worm. Other natural¬ 
ists, Kfichenraeister, 1856: MSbins, 1857; Kelaart and Humbert, 1S50; 
Garner, I07j^ DuboLa, IWI; Gtard, 1903. have contributed to 
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oitr knowledge of the ongLn of pearls from parasitic nuclei, lu 
1002 Jameson tritred the life blfitory of a DUtomvm from its first 
host, a duck, to a clam, ns its second Iiost, and he succeeded in inocu- 
tntijig tile edible mussel, .Ify/ritis, hv placing it with pnmsiticalty 
infected mollusks, and thus srtificinllj induced the formation of 
pearls. Herdmim, in 1003, found in the pearl oysters of Ceylon that 
a tapeworm lam'al cyst may become n pearl nucleus, or that In some 
i-Ases the secretions nmy be deposatetl around send grains, hits of mud, 
or ji Hsh or some otJier small aaimitl, in pockets of the mantle epi¬ 
dermis, or nguin almut calco-spherules near the muscle inscrticniii. 
The surfrtL'C hnolly becomes polislietl, or takes tlie “orient^'* and thus 
refii.'cts the opaline and njtcreous tints so higlily prized. 

The pmdtiction of culture pearls dates back to tlie fourteenth oen- 
tiirr ill Chino, and it Is probable that the Arabs had a similar in¬ 
dustry. The Chinese open tlie shell of the riTcr mussel, push l»dc 
I he mantle, and introduce metal images of Buddha, which ore covered 
with nucre in the course of sii mouths, Liime drilled a hole tkrougli 
the sliell and inserted a pellet of limestone on lluj end of u silver 
wire, so (hut the iiucletLS might be kept free from the shell during the 
secretion of nacte. In more n?«!nt times the secretion of culture 
pearls has been induced in pearl oysters by similar methods in vari- 
otis countries. Bouton, in 18&7, at BoscoiT, France, bored small holes 
through the shell of the abdone, and inserted forms made of mother- 
of-pearl. .-Vfter some months beautiful pearls were sec noted, their 
size being in proportion to the lengtli of time of the culture. 

In our red abulono a boring motlusk, rheladideet, penetrates the 
shell from the outside. It files its way by means of sharp teeth on its 
shell, and possibly by the secretion of sulphuric aeid. The burrow 
enlarges us the /’AofodWflrt, growing in size, digs its way in. Wlien 
near the inner pearly layer of the abalono shell (he host resists the 
oucoiiiing PiUfliniidea by secreting more nacreous matter. Thus the 
defensive wall, euten by the PAofai/nfeit, grows inwardly as a tiiotind- 
sliapcd projection, the blister pearl. In imitation of this natural 
process a hole is drilled through the abaione shell and a foim Is 
inserted. This form, made nf shell, is shaped like s long-shanked 
collar button, and lio placed that the e.^panded curved lies 
against the penrl-secreting mantle. The shank projects from Uic 
outer surface of the abalone shell and is there made fast by alumi¬ 
num wire, to which u metal tag bearing the serial number is attached. 
In some eases the w'ire has corroded, with the loss of the tag. In 
later esperimeuts the numbers have been filed upon the shell. The 
black abalone has been used in most cases, although a few experi¬ 
ments have been made upon the green abalone. Holes have been 
drilled tlirough various parts of the shell and difierent numbers of 
forms inserted, In addition, spherical forms, without shanks, have 
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been placed beyond tbe mantle caTity near the visceral hump. I have 
succeeded in mising' abBlonc culture pearls in 133 days. These pcarts. 
however, are thin layers of nacre, formed over a horny bads, which 

13 the first material to b© secreted. In the natuml proc^ of con- 
timie<] deposition they increase in thickness and solidity, and conse¬ 
quently in value. One produced in a green abalotic in seven months 
shows good fomi imd luster. My average time for drilling a hole in 
the abalone shell, inserting tlie form, and wiring it in place with the 
numbered metal tag is eight minutes. This working time might be 
decreased by an e.vpeTt laborer doing noUiing eke, so tliat the busi- 
ni^ of raising pearls would be of interest and profit, lilr. C. S, 
Linton baa succeeded in producing similar culture pearls by drilling 
a hole through the shell center, pushing in a round ball made from 
shell, and filling llic outside end of tlie bole with beeswax and cement. 

Based upon the fact that each ton O'f abalone shells represent; u 
certain value of nianufacturod jewelry and novelties, it is possible to 
estimate the value of the abalone industry. Sheik of the black aba- 
lone are sorted into two classes. Each ton of those with fine, pearly 
(’enters will make novelties and jewelry worth, at retail, $4,000. The 
ilatw known as button shells, with plain motber-of-pear! surface, rep- 
rteciits a final value of $1,000, and the sheik of the green abalone 
$^.000. I’or the fiscal year ending in July, 1812, the follmviug ship- 
ments were made from Long Bench and represent the given valuations 
in manufactured products: Thirteen tons of pearl-center bkek alw- 
lone sheila, $33,000; -10 tons of button black abalone sheik, $40,000; 

14 tons of dried abalone meats, at $200 a ton, $2,$00; a total of 

The shipping statistics are not complete for the other Cali- 
fomitt ports, but it is demonstrablo that tlie abalone industn' may bo 
developed into one of great value. 

Much has been said rcoently in the newspapers conceniing the 
tbreatened extermination of the abalone. That this is a real danger 
and not an idle theory k apparent to anyone familiar with the facts, 
I' or instance, near Avalon, Santa Catalina Island, not more than 20 
years ago the green and corrugated abalones were so thick that they 
nested upon one another four or five deep utl over the rocks. After 
mndi Berthing in this localitj- during the last year I was unable to 
\®**^'*^ apecimen. Tito sheik brought up by the divers of the 
g aj^ltomcd Ijoats, and tsagcrly bought by thc'tourisla, have been 
pm^ m position previously by the enterprising management. Great 
tb^ hClemente, San Nicliolaa, and other islands prove 
Ih. .bund.™. „t .b.lo™, during .he eenturieu nf Tndi«, 

Kni"XTh'"r - ^ 

.cned, some of th^ “"1? well pre- 

m $500, present would be worth as much 
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In many plaoea where the obalone wjis fornierJy abuniianU the large 
individuals of legal size are taken and it mny bo true, as in the case of 
the American lobster, that in this manoer the most prolific breeders 
ore sacrificed. We do not yet know anything about tho breeding 
habitH and cnibryology of any species of the Bbfllone,and bcoooaren ut 
cortaii) as to the best tnonths for a closed season. In time, without 
duiibt, we shall b« able to artificially propagate the obalune, as has 
been done witli the oystei-s, dams, lob^re, and other useful animals. 
The Government breakwater at the mouth of Loa Angeles Ilarljor. at 
San I’edro, has become a natural fireedmg ground for black aUnlones, 
whirJi creep back under the great stone bJoefcsi and thus eacaiic the 
gatherers, who are stripping every accessbie niche and cranny along 
the coast at each low tide during the open season, 

Re*rvationa have been established at Monterey Bay and Vemee, 
but the prcMnt laws are iiiad«iuate for their best development. Bv 
act of the city trtistees the Venice Breakwater has been made a bio- 
loffcal r^rvation, under the control of the marine biological station 
of the Laiversity of Soutlicm California and guarded hy a deputy 
of tlic State fish and game commission. As an aquicultural esMri- 
meat I have placed colonies of several hundred black abalones imd 
ii* of the grren species upon tho submerged rocks, A large concrete 
live box has breu suspended by a block*and-tacble hoisting apparatus 
at about imd height of the tide. The open top is covered by heavy 
gulvanized-itou moshwork, while through several holes in the bottom 
the dirt IS cleaned out by tbe flow of the tide. The bos is so heavy 
that one may stand upon any part of it and do the necessarv work in 
feeding and observing tlie animals within. Forty abalones under 
experimentation and for growth racottls are kept in the live bos, and 
a group of two or three times that number might easily lie main- 
m good condition. Mear Venire the ocean is shallow, for it 
m a mdes ont to the 16,fathom line. Tl.e trawling of our motor 
sIoO[>, the Anfon. Oohm, has demonstrated that in most plnres the 
fa^a of the sandy bottom ts poor. Better residLs mav be looked for 
w-hen reservatiuiis are located on the rocky coast, where great beds 
of kelp thrive just within tlie deep-water line. The kelp is not only 
import^t as fowl for abalones, but within its wide-spreading frondV 
a world of living things thrive. In such a region the plaidcton is 
richer and these microscopic plants and animals generate food for 
the larger swimming and bottom-dwelling forma. 

of laws for the regulation of aquiculture and 
the concomitant protection of marine and fresh-water organisms is of 

hlTlTi!?' formation of reservation districts for aliso- 

jute eJOBure during successive pei-iods of years, within which we mav 

for h.!rr^ ^ biological rtecrvationk 

hotter ot ““ter^ will solve the problems of preservation in a 
notttr manner than the present laws for dosed and open seasons. In 
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G^rtnany th^ Elstcr Rivef peArUmu^s^] beds nnd in Frunc^e the 
iLArine inu5scl and oyster fisheri^ been saved and deveIo|>iKl by 
proper legklation and governmental supervLnocL. In this country 
the business of oyster propagatian and farming has been profitably 
tsliblished tinder such weU-ddevoped laws ofi those of ConnecticiiL 
It would be difficult to attempt an estimate of the remarkable achieve¬ 
ment of the Bureau of Pisberiea in the field of aquienlture The 
And, the salmoii^ and now the fur seal have been suTed from ex- 
CerminatioEu So abulones may be raked in the as easily os 
ehlchens opon the land. Tlie coastal waters must be surveyed for 
leasing by the State and then a jjolice force organized to guard the 
marine fanns from sll the pouching' pirates. It can not be emphasized 
100 often that in dir^t ratio with the inerea^ of population the 
ncglacted food resources of land and sea must be conserved and de¬ 
veloped. Tlie company manufacturing nibber and fertilizer and 
extracting iodine from kelp should only be allowed to cut the sea- 
weed under such restrietjons as wiU preserve tlio natural home and 
food supply of all the countless dependeni organisms^ The inherent 
tendency of man to rob the earth and $ea in order to promote Ms 
own oelfish interests must bo restrained for the larger benefit of hia 
fellows and the salvation of hk descendants from wemk The sea is 
the last great field for human exploration and exploitation. TVe know 
so little of itE vast rasoiirces that we can acarcely dream of the poa- 
sihle future industries which will arise under a wkely administerefl 
system of aquiculture. 
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Mail imagines himself to b« the dominant power on the earth. He 
is nothing of the sort. Tlie true lords of the TmiFerse ere the insects;. 
While it is true that men Ims invented end perfcscted so many da* 
strnctive agencies that he has attained to a predominance over the 
most fierce and powerful mammab and the most deadly reptiles, it 
is_ also true that in face of an attack of insects he and all his works 
fire set at naughL 

little one shall become a ihousand and a small one a strong 
nation." Few people know how enormous is the number of insect 
species or how amaaing is their power of mtiltiplication. Tlie num¬ 
ber of insect species is greater by far than that of the species of oU other 
lirlng creatures combined. Over 300.000 have been described^ and 
it is considered not improbable that twice tbat number remain to bo 
described. IVactically oU living animals, as well as most plants, 
fumisii food for these incomputable hordes. More than this, Kirby, 
in the ** Introduction to Entomology," devotes no less than five entire 
epistles to the injuries we sustain from insects, while two only are 
sufficient to describe the benefits they yield. 

The fecundity of certain insect forms la astounding, the numbers 
bred reaching such prodigious proportion.s os to be almost beyond 
belief. Riley once computed tliat the hop aphis, developing 13 gen¬ 
erations in a single year, would, if unchecked to the end of the 
twelfth generation, have multiplied to the inconceivable number of 
ten sextQtions of individuals. Xoting the preceding, Forbush says 
if this brood were marshaled in line, 10 to the inch, it would extend 
to a point BO sunk in the profundity of space that li^t from tlie 
liOad of the procession traveling at the rate of 134,000 miles per sec¬ 
ond would require SjSOO years in wbieh to reach the rarth. 
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Kirkland Iihf computed one pair of motlia, if undiecked^ 

would produce enough progeny in eight yeitrs to derfrcy all the 
foliage in the United Stutc?i 

A Cattndjan etitotuologist sitate$ that ^ single pair of Colomdo 
beetles, or potato biigS| ns we eall them, wouldj without cheeky in¬ 
crease in one fica^n to 60,000,000- At this rate of multiplication the 
dh^iippeurance of the potato pliint would not be long delayed. The 
chinch bug» a fecund and destructive has been found in a clump 
of gra&» 8 mches In diameter to the number of 20,000. Tire progeny 
of this colony alone, if unchecked, would soon become incomputable 
hoi de.^ devastating wide areas of Uio earth's surface. Those of you 
who have been in South Afrim probably have seen locusts in Qi^t 
wliidi filled the air and hid the sun. What si potency for evil lies 
hidden in the tiny hut innumerable egg^ of these nivenSug pestel If 
every egg wag permiUed to hatch and every young locust to come to 
maturity, the consequences would be too dreadful to contemplate* 

Tlie voracity of insects is almost as astounding as their power of 
reprcKluction. The daily ration in leaves of a caterpUkr is equoi to 
twice its own weight* If a horse w'ere to feed at the some rate- ha 
would have to cat a ton of liay ever)" 24 hours. Forbush says tliat u 
ccTtain flesh-feeding Ian a will consiune in 24 hours 200 times its 
original w^eight, a parallel to which, in the human race., would be an 
infant consuming, in the first duy of its existence, 1^500 pounds of 
l>eef* Trouvelol , who mode a special study of the subject, afErms thafrv 
the food taken by a single sdlbworm in 56 days equals iu weight ^ 
86,000 times its original weight at hatching* IVhat a defttmetion 
this single species of insect could make if only a one-hundredth part 
of the eggs iaifi came to maturity! 

OF TOE BIRDS IN OKOAXiCi NATCRK 

Who or what is it that prevents these ravening hordes from over¬ 
running the earth and consuming the food supply of all! It is not 
maiL Man, by the use of mechamcBlly applied pobons, which are 
expensive, unnatural, and dangerous, is ublo to repel to an extent the 
attack.^ on his orchiml and garden* Out in the fields and In the 
fore^nshr becomee, before any very great irruption of insects, a panie- 
:4ricken fugitive* Neither is it disease, or the weather, or unimaK 
or ftmgi, or parasitic and predaceous insects within their own ninkSp 
Uowever large may be the share of these particular natural agencies 
in kespiug insects in check, experience has shown tliat it is lamentably 
insufficient- '^rhen w^hat is it! The bird* Bird life, by reason of its 
predominating iruject diet, la the most mdkpensuble balancing force 
in nature. 
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MAV at WAll WJTH SATUKE'S T*AWS, 

Y'et man has been engaged in tbe past half rentuty in the blind 
and wanton destruction of this essential part of natute’^s great plan. 
He bos taken no thought of the needs of the hour, nor concerned him¬ 
self wiih the wants and claims of those to come. Witlnn the space 
of a few years, under no constraint of necessity, he has carried out a 
poliev of destruction more effective than that nooomplished in cen¬ 
turies by the slow processes of nature. Armed with a w'eapon tlmt 
annihilates space, he has constituted himself the muster and the 
ruler of the animal vrorld, and has delegated to himself the right to 
adopt u utilitarian standard by which he meafnires the value of all 
cither forms of life. It is not for raun to say what shall live and what 
shall be deslro3Cii. The whole of nature is in exquisite poise, 

and it is not possible to lay rough hands upon it without disturbing 
it in directions and on u scale which at the time may not be guessed 
ul. If we remove or reduce Uie working power of one living org^- 
i,sm which acts us a check on another, the latter, freed from restraint, 
will inevitably multiply, Ajj we destroy the insect-eating birds the 
insects on which they prey will multiply to scourge U3 as Egyptian 
plogucj?. It is a fact whicli agriculture has learned to its cost in many 
parts of the world. 

^ SERIOTIS CONSEQUENCES OF BIEID DESTRUCTION. 

Some years ago the agriculturists of Hungajy, moved to the in¬ 
sane step by ignorance and prejudice, snccocded in getting tlie spar¬ 
row [Paswr domefttiems] doomed to destruction. Within five years 
tho country was overrun with insects, and these same men were cry- 
mg frantically for the bird to be given back to Uieut, lest they should 
perish, Tlie sparrow was brought back, and, driving out the Iiordes 
of devastating insects, proved the salvation of the country. 

In the island of Hourhon once, iNwause of the same ignorance and 
prejudice, a price was set on each martin's head. The birds all but 
disappeared, and gmsshopperii took possesmon of the island. The 
edict of banishment was hurriedly revoked and tlie exile t^ecalled. 
Fortunate, indeed, was it for the island of Bourbon tliat tins bird 
was not beyond recall. 

During the year ISCI the Ijarvests of France gave an uiiusoally 
poor return, and a commisfidon was appointed tit the intdance of tho 
rainisfpr of ogriculture to investigate the cause of tlie deficiency. 
By this commission the deficiency was attributed to tho ravages of 
Insects whioh it was tho fuueJdon of certain birds to check. Tliese 
birds. It appeared, had been shot, snared, and trapped tliroughout 
the country in such numbers that hut little repressive influence hod 
been exert^ upon the insects. It was concluded that by no iHhnr 
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Agency than the birfs could the ravages of insects bo kept down, and 
the commii^ion called for prempt md energetic remedies to prevent 
the destruction of birds. 

For some years pri^ir to 1877 vast nmnbers of red-winged black¬ 
birds were! poisoned in the spring and autumn around tlie cornfields 
of Nebraska* This was done in the belief that the blackbirds were . 
damaging the cro|^ especially the wheat. Great numbers of prairie 
chicken^ quail^ plover^ and various other insect-eating species were 
destroyed at the same time by eating the poisoned grajn. Then 
came l&TTt and with It Kemesis. The locusts appeared in countless 
numbers. There were no birds to eat them* and Nebraska mourned* 

In 18S5 the ravagi^ of two Apecie^ of ent-worms and Home Ifi 
species of locusts produced u famine in the region of Ekaterinburg, 
which is in Hussiatt Siberia. The local Society of Natnml Sciences 
inquired into the cause which had permitted such a numerous pro pa¬ 
ction of Insect pests, and reported that it was due to the almost 
complete destmetion of birds, most of which had been killed and 
sent abroad by wagop loads for millinery purposes. 

Those grass tick$ which now make the keepiug of most breeds 
of Cattle impossible in Jamaica, are not mentioned in the records 
of the early nineteenth century* Tho appalling destruction in more 
recent years of insect-eating birds, chiefly to supply the demands 
of UtG miUincry market, baa led to aa Lnordlnate increase of 
ticks and to the dying out of all but Indian eattio. This coTrebition 
of birds and ticks—to say nothing of mo^uitos and other inisect 
plagues in Jamaica—was put fully md cireumstantiallj before the 
BOci^taty of state for the colonics by a deputation in 1000. 

E* d/M orel has recently pointed out how the recMoas d^metion 
of the guinea-fowl in Fi-ench West Africa b coinddent 

with the locrcuHe of certain germ diseases, and, above all, with 
ravages to crops on the parts of the larger insects^ cspeeially beetles, 
the grubs of which were devoured by the guinea-fowl, which 
ficnatebed them out of the ground. 

Though I could give a htmdred coses similar to the foregoings I 
must rely on the few I have eitetl to show that the wholesale de¬ 
struction of birds is surely followed by disaster to maru 

VALUE OP THE niRt) IN CHECKING ISSECTT LKRUPTIOKa. 

When the Mormons first isetGed in Utah, tbdr crops were do- 
Btroyed utterly by myriads of black crickets that breamed down 
from the mountains. Promising fields of wheat in the morning were 
by evening os bare as though tlio land had not been sown* The first 
years crop having been d^royed^ the liformona had sowed seed 
Ih^ second year, and again the crop promised weU. But again tlie 
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crickets appeared^ dcTouriiig flv^ry blade of wheats and the foUow- 
of Joseph Smith were on the verge of starvation. At this junc¬ 
ture Franklin’s gull cttmo by hundreds of thousands^ andj feeding 
greedily on the oriohets, freed the fields of the pest- The settlers 
nt Salt Luke regarded the advent of Ibo gulla a heaven%=ieiit 
, mirade. and practically canoniaied tlie birds. 

Since that hour this black-headed gull has remained a fuithful 
sciTitor of the farmers of UtalL At the present moment a move^ 
men! is on foot to erect & monument to this bird in Salt Lake City, 
thus sJiowing a befitting and ^emly ficnse of gratitude for its in- 
estimable iservioes In guarding the State fium the ravages of insects* 

It is a common practice with all settlers in a new country to at 
ODCO set about killing the native birds in a thoughtless and foolhardy 
manner. This stupid practice Ls all the more deplorable, because 
an enormous increase of insect pests invariably attends the operations 
of the pioneer agriculturist* Finding in cultivated crops new Emd 
more succulent sources of food supply, insects change their primitive 
habits* to swarm and multiply exceedingly upon the fetiile fields of 
man's creiktion. 

When the farmers in New Zealand began to break the virgin soil 
on an estensive s^ic, a certain caterpillar^ which hitherto had 
gleaned a somewhat meager sustenance from the scanty native 
^rduro of the open lands, disappeared from its old haunts and at- 
/^eked the cultivated areas. So speedUy did it increase by reason 
gf a moi^ favorable environment that it soon became a blasting 
plague^ It came not singly, nor even in battalions^ but in mighty 
armies which laid waste the land* I have seen these atoms cover the 
pastum in such numbers as to make the green one brown. X have 
seen countless millions of them nut of one cornfield, having 
stripped every stalk bare, cross the mud In solid phalanx, and pass 
into another* I linve seen big mobs of sheep mustered in hot haste 
and driven to and fro over these serried ranks that they might crush 
them with their Bturrying feet. I have seen every horse roller in 
a district brought up hurriedly, like steam engines to a fire, and 
drawn backward and forward over the crawling moa^ics until the 
cylinders stuck fast in a mire of squashed inffi^cta. I have seen 
huge ditches dug in an attempt to stop the invaders’ progress;. The 
effort was as futile as that of a child who builds a bank of sand by the 
sea, thinking it will stem the oncoming tide* Even ntllwaj" trains 
were brought to a staudstillT the wbeeb of the engines being unable 
to grip the mils owing to the hordes of caterpillan? which were 
(mssing the line. 

In time it became abundantly clear that if this disastrous condition 
of affairs continued it would useless to attempt to carry on agri¬ 
culture in New Zealand. Eealii^ing that any attempt which they 
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miglit inAke tft rid the smiitcti limd yf tlit; plugut ^Touid be but a 
mockerji the f&riners tiimesl their eyeti lung'lrigly to the tuLtural 
enemy of the caterpillar—the bird- But ilie native birda—though 
they had Bvied in cloecst cojnpauionship Trith the Maoris—hud been 
taught the treachery of the wliite man in ft school that reeked with 
blood, and those that bad noi been killed hud retreated from the 
vicinity of the seUlementaT visiting the itusect-riddcD Selds occasion¬ 
ally only. 

Wherefore insectivorous birds from the old country trore intro¬ 
duced, and the one that tnulti plied most rapidly was the comnion 
hotise sparrow* And PoMser d&jn4iHcu^ soon out short the c-ureer of 
the caterpillars, 

jVs digei^llon is exceedingly rapid in birds, and ^ they feed for the 
most psrt throughout the day, they ure peculiarly adapted for the 
suppression of ubnonnal outbreaks of vegetable as well os of animiil 
life. 

That formidable imported weed^ the Scotch thistle, threatened at 
one thne to overrun the whole of New Zeniandp Much Lime and 
money was spent by the settlers m cutting off the plants close to the 
ground, and in pouring turpentine upon the split stumpSif hoping 
thereby to kill the roots* Vain labor* The wind-driven clouds o£ 
ihistledowTu which w^ero planting the weed far and widcj grew yea.rly 
denser and more freqiientv At length the fields became a packed 
growth of prickly plantSj which nothing could face* 

The sparrows took to eating the seed. In tens of thousands they 
fed on it, giving it tho preference of all other hard food, and the 
weed was con^juered. 

To-day in New Zealand the sparrow is looked upon as an impudent 
tiiief without a redeeming feature in its character^ No one, of course, 
can say what would happen if the bird was dismiss from tlie com- 
try, though it is probable that the Dominion would be again overrun 
with cEterpiUftx^ and thistles. Setting osidG this hypothetical ques¬ 
tion, the good the sparrow does must far outweigh the evil. This 
staUment receives couiimiatioD in the bountiful harvests with ^vhidi 
New Zealand is blessed. Never were the sparrows more numerous; 
never the complaints against them more bitter| yet the yield of grain 
}£ without precedent. 

The growling of the New Zealand farmer at the sparrow Juistifies 
Viigil^s complaint of the ** miserly husbandman/' Miserly^ indeed^ 
and blind* Not a grain will he give to the bird which ha^ labored 
unceasingly with him for the production of his crops; but whole fields 
of wheat to the caterpillar* 

ParentheticaOy I may mention that, though I have written here 
in defense of the introdudiou of the European sparrow into New 
Zealand, I am not an advocate of acdimatisjatioti* It is true that one 
ran point to cases where a foreign bird has been, intrcKluced to per- 


VALIJE OF B1B1I& TO M AS'—BUCKLaND. 


445 


form the fuBCtion of a natsTe species that has been driven out^ and 
where that functitsn has been performed aatisfactorUy^ But, as a 
rulcj such substitutions ore fraught with danger* Birds so rapidlj 
change their habits in new surroundlnga tliat few species remain 
loyal to the reputation for honesty wliicti they enjoyed m the land of 
. their origin. Like mo^jt ill Sens, It would have been better had they 
rennuned In their own coitnii^^ Although the spread of civilization 
iincOQscioiisly demoosls some victiius^ man and indlgeuous binls can, 
sjieaking generally, occupy the same territory without much diffi¬ 
culty. If one requires proof of tliisj ho has but to turn his thoughts 
to British India, where native birds of all kinds, owing to the protect 
tion accorded them by the Hindu doctrine of the sanctity of nil life, 
are found living in closest proximity to dciu^ human populatioufl. 

The moral of all of w“hich is that it l>chDovc3 every man who lm .4 
the welfare of hb country at heart to do all in his power to foster 
native birdE, 

In Australia a plague of grasshoppers periodicailly vbitg the fiddis 
to devour the crops* The ruin they would otherwise bring on the 
fiimier h averted by the good offices of ibises and other native birds. 
As a destroyer of grasshoppers, tho straw'-necked Ibbi {CarpMbu 
HpiniCftilU) has no equal among birds. Dudley Lc Soucf,.the director 
of the llelbourne Zoolo^cal Gardens, some years ago visited a rook^ 
s^y i>f this bird in the Riverina, and, after a cAvefiil Kitiunite, came 
A tn the oandiisjon that the minimum nuniLicr of birds breeding there 
was 200,000. He procured n number of specimona and asceFtaineJ 
by actual counting tluLi the contents of an a\i^rage crop of an adult 
bird were 3,410 young grpL^hoppers, 0 fresh-water ^aib, and several 
caterpillar?, which, multiplied by 200,000, amount.^ to a total of 
four himdred and dghty-two mlllioii and odd gnisshnppet?, ns wcU 
as vast numbers of calerpillars and snails. ^^Tlieu, again,says Mr* 
Lo Souvf, the average number of young is about tw-o and one-half 
to each pair of parent birds, and the contents of their stomneha must 
reach an enormous total, as the}' all seeme^l gorged with food.*' 

As this enormous amount of food is being eaten everj* day by 
ibisen in Australia during the hatching time of the grasshoppers, 
some little idea can be formed of the immense utility th^ birds are 
to the farmer- Without them the balance of nature would be dis¬ 
turbed and successful agriculture would be impossible. 

Iji addition to its great value as u destroyer of nil-devouring in¬ 
sects, the straw’-necked ibis feeds with avidity on the fresh-water 
snail—the ho^t of the dreaded liver fluke, which sheep so easily get 
in certain damp ICK^alities- 

Yet, in face of lliesa facts, people surreptitionsly visit the breeding 
grounds of these bird^ and csollect their eggs hy the cartload. One 
party in 1012s having gathered more than it required, drove away 
and left 4,800 eggs to rot on the ground. 
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TUB yALJJK OF BlflDS IN 

Omitiitig all mfiiition of majiy aJinther notable itvstaitce of thi? 
quelling of insect outbroafct by birdie, I will pass at oQce to tbe con- 
sidemtion of those perennial services which act as a cons^tant chet-k 
on tlie undue increase of insects, rodents, weeds, and other pe^ts. 

Biruls attain their greatest UEcfukicss tn the forests^ becau^sc the 
conditions there dcfflcly approacli the priipevaL 

Forest trve^ have their natural insects foes^ to whieh they give* 
food and shelteri and these insecte in turn have their natural enemies 
among the bird^ to which the tree ^ho gives food and site!ter. 
Hence it follows that the existeiice of each one of these fonns of life 
is dependent upon the c^stence of the others. But for the trees the 
ioseets would perish, and but for the insects the birds would perish, 
and but for the bi^s the trees would perish; and, to follow the 
inexorablo laws of nature to the conclusion of their awful vengeance^ 
but for the trees the world would periah- 

Comider for a moment the life of a tree in connection with the 
insects that prey upon it. At the vcn^ beginningT before the seed or 
nut has germinated, it may be entered by a grub which desiroy-4 U, 
Should, howeveft the seed or nut bo permitted to grow* tho rooU of 
the seedUng may be attacked by bettles. Escaping this danger, a 
worm laj^ it» eggs in the cnicte of the bark. On hatching, tho worm 
or borer perforate® a hole in the stem^ This hole, admitting wat&K 
from ftverj pasdng shower, causes a decay in the wood to commence, 
from whidi the tree may never recover. Other borcre feed upon 
bark* eating the soft inner layer and the sap. The twigs are affected 
by the lur^'ic of certain bettles, which act as girdlers, sometimes de¬ 
stroying limbs over an inch in diameter* Weevils bore under the 
bark and into the pith, maldtig excavations in which the eggs are 
laid. For the same purpose the cienda makes a tembk woutid, 
which often prov^ fatal. The limba of trees are affected by aphidc®* 
which puncture them and feed upon their jukes, exhausting the sap* 
Many species of plant Uce and scale insecU infest trees, doing great 
damage* while over 100 different apecies of gall flies are parasitic 
upon them. The buds of trees arc entered and destroyed by the tarvee 
of certain moths, while the leave® are devoured by caterpillars. To 
take the oak as an example^ it is known that altogether over 500 
Species of ijiaects prey upon it. Finally, be il rcnicmberod that in the 
bark and in tho underlying tissue lie the vital energies of a tree, 

It is difficult to perceive the usefulness of these insects which feed 
on the different parts of the tree, though they may, perhaps, when m 
normal number^ exert a useful influence by a healthful and neces- 
.nary pruning. It la certain, however, that if they were not in turn 
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preywJ Tipon by birds tliej ivoiiid so Lncreest! m numbers that the 
tre^ Qould not siimve the injuries they would inflict* 

How dependent trees arc on birds for their existenee may be 
Ip.’ithered from tho following iIJlistmtion ^ As tnnny of you probably 
know, trees bnjjithe thmiigh their leaves. Consequently^ if the buds* 
^ of the leaves nre prevented from developingj or ur^ eaten^ when 
developed^ by oaterpLllnrs^ the ti™ is w'eakened. ilany coniferous 
Lra^s will die if stripped of tbeir foliage for one year, Dii^riduoiis 
trees* if tkprivod of their rcfeipiratory organs for several years in 
succiLssiuti, will also perish, though these tree^ linger as a rule for two 
or even three yeaj"s t>efore finally succumbing. 

Xow, injurj'' to its breathing organs is not the only danger to 
which a tree afOicted lu this ^vay is srubject^Kl. The tree, being in a 
weakened condition, is iit once b^t by titles and other borers^ who, 
multiplying rapidly under such favorable conditiom, tunnel under 
the bark until all the rital tissues of Uie poor tree are AVasted, Thus 
a tree which might hflTC recoveretl from the injury to its lungs faib 
a victim to the attacks of ait insidious enemy which took advantage 
of its enfeebled state. 

Woodpeckers or other binls nf similar feeding habits would have 
flown to the res^^iie of the tree and pos.ribly saved its life; but when 
that corrective influence is missing, the trc« must die. 

^-This jllustration of the depEndence of the tree on the bird anrj of 
the bird on tfie tree iSp of course, but one of a long scries that could 
bo cited* and it h biHzause of tliis most delicate adjustnicut between the 
tree* tlie inseel, and Uie bird tliat I regard as profoundly tnae Fmtik 
M* Chapman's statement “ that it can be dearly demonstrated that if 
wc should lose our birds we should I<tse our forests.” 

It hi an Ignorant schoolboy who docs not know that if we lost our 
for^fl we should lose ako the moiiftiire nece^ssary for the production 
of crops upon which man is dependant for his living* 

If, in his arrogance and folly, man exterminated the bird* thinking 
himself capable of taking lU place, ha might be able to make shift 
with his sprays to save some p^J^tion at least of his orchards and 
gardens j but of what avail would lie his puny efforts to protect from 
the ravening maws of in»%ecta the forests of America and Africa, the 
jungles of A^(ia, or the bush of Australm? Should be not^ then, 
protect by every means in his power every one of the forest birds, 
who* 05 a matter of course, and without trouble or expense to him, 
ordinarily accomplish, on his behalf, the herculean task of spring tlie 
lives of the trees? One would think so* Yet in these very regions* 
m these vast areas of valuable timber, every trank of which man will 
some day need, there are being killed annually millions of the feath¬ 
ered guardians of the tree, and killed, too, for rto worthier purpose 
than that, dead, they may defame u woman'a head. 
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THE VALUE OF THE BIUD LV THE OltCHLUtD. 

For tnim's purpose fcho trork of the bird in ilm orchard is not so 
thorough os that done by thorn in the forest. Birds ore the slovcs of 
tnotare;! oud^ in tbo noture^s endeavors ore put forth only to 

produce such fruits no will insure the perpetuity of each spetnes of 
tree* With mmi tlio cofiO ifi altogetiier different. His nmin object \& ’ 
not the propotmtion of treee, but the production of si giant goo^berry. 
Moreovui', by introducing arscnic&l K|)rflyingy tarred und grem-cd 
hands, and other devices to counteract the evil action of Insect^?, he 
has. to a certain extent, taken upon himself the O0ice of the bird^ In 
this be is Trise^ for it must be admitted that if he wishes a large crop 
of fruit he muat himself prevent the inroads of those insects which 
attack the fruit directly* It can not be expreted of the bird that it 
will become an efficient ally of inon in protecting the urtllically pro¬ 
duced fruit from the attache of die numerous insects that arc drawn 
to the orchard by a vastly increimed quantity of fruit of a vastly bet^ 
ter quality tlmn tile natural product. 

For all that, fruit growers are largely indebted to the bird for a 
great part of their annual crop. 

In the Union of South Africa^ for instance, it is found that near 
towns, where the birds have been more especially persecuted and 
driven iiway, the growing of fruit and other market produce has be¬ 
come increasingly difficuUf or even impossible, owing to ihe 
lenre of insect i>cs±s which are not affected by spraying operations. 

But let na suppose for a moment^hough the supposition is al> 
surd—that the modern fruit grower could do without the services of 
the bird. Would that give him a right to sky it? Apart altogether 
from the agtlcuUuriist. what of the mliliDos of people who^ ns an in- 
creme nt to their ordinniy livelihood, grow fruit, hut who can not 
afford either the time or the money to treat their trees in the most 
approved andocientiffc way I 

WTiat would happen to this ptmrer claas of fruit growers if they 
were deprived of the Eervices of the bird is best seen in what hap¬ 
pened to Frederick the Great. This worthy, in a fit of parson 
because a flock of sparrows had pecked at some of his cherries, 
ortered every small bird that could be searched out to be inetEutly 
killed. Within two years his cherry trees, though bare of fruitj, were 
weighed down with a splendid crop of caterpillars* 

Cill the bird in the orchard on evil, if you wuH * but it is a neces¬ 
sary cvil^ and the fruit grower must make up his mind to pay the 
bird its wages lest worse be falL 
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THE BESVICES OF THE BIRO JS THE GABDEX, 

Th« gnnien is thfl insect’s paradise, It fares sumptuously every 
day on the most succulent of vegetable foods. Every opportuni^ is 
thus ofered for its increase. The greatest insect enemy of the gur- 
dencr is a small, dtilhcolored, hairless caterpillar kno^vn ns the cut-* 
. (vortu, which is the Inn's of a ^octuid moth. This chief of the 
brigand band of gnrdeu pests usually Liidcs during the day beneath 
matted grass or under the loose soil along the rows of plants. It 
comes forth at dusk to feed. The bird is abroad at the first peep of 
day, and it finds the robljer worm in the momiug before it has 
retreated to its place of concealment. 

But the eorly bird has to come stealthily to the garden to catch the 
worm. Its visits are regarded by man with more than suspicion, and 
it is fortunate if it escapes with its life. In consequence it snaps up a 
oaterpillnr and is off again, leaving thousands it would have eaten, 
if unmolested, to run riot amongst the vegetables. 

Occasionally a bird more bold than Us fellows will visit the garden 
in broad daylight to dig tlie cutworms out of their hiding plucea. 
Xature never haring bcgrtidged it the reward of its toil, the bird 
take? a few peas before leaving. 

The gardener notices the damage dooe to his peas, and next mom- 
ing is up betimes. He secs the bird running along a row of peas, 
StBPPifi? frequently to peck at something on the ground. There is 
/'a loud esplosion, followed by n puff of smoke. The smoke slowly 
drifts away, to disclose a bird lying dead. 

Caterpillars are not gifted witli voice; if they wen?, tlici'' would 
scarce forbear to cheer. 

The bird is dead, Mark the sequel. One fine morning tiie gardener 
issues proudly forth to cut his mammoth cabbage—ihe one with which 
he intends to put to utter coofnaon nil other competitors at the local 
fruit and flower show. Alas for human hopes and the depredations 
of caterpillars. The cabbage is riddled like a colander. 

The gardener when be shot the bird forgot, if, indeed, he ever 
knew, that the ancient law forbade a miiKiIe to the ox that thnished 
out the com. 

trrtt.m’ of birds ix the meadow. 

Each seaaon, until hay makiug commences, the grass offers cover 
and shelter for the tieste of such birds as breed on the ground. The 
fields also provide food for birds, and for the insects on which birds 
feed. Thus there is established a natural interrelation and interde* 
pendenoe between ihe bird and its food and shelter—that is to any, 
the insects and the grass. This simulates the condition of the earth 
before man made di^rd in the grand harmony of nature’s law<w 
448c:i'—BM iins- 2 B 


450 ASTNTTAI. KKPORT EMirflSONlAi’ ES^STITUHO??', t0!3. 

the bincLs of the field lue uudistiirbed they lond to hold Lhc 
gni:^ m_sect5 in cheek. Od the other hfiod» ^hen the numbers of 
birds in the field nre for any reason in^mfBcient, the Injects increniie. 

Here b on instance of this: Some years ago In Bridgewater, ^fass.. 

It great battue was held by the ignorant townspeople in the spring' of 
the year, and so many field birda were killed that their dead bodies 
were plowed into the Iflncl for manure- The following suturner 
whole fields of gims withered awny and died- ITiis was duo solely 
to the fact that the number of field birds had been rediu-^l, and in 
consequence tho prea^ure whidi nature demands the field birds shall 
exert upon tlie field insect had been, released* 

Agtim+ at one time in Jfew Zealand it was no uncomiuon thiug to 
see Bnglteh grass wither up in large patd^eEh as though scorehsd by 
fire* This was due to die w^ork of a enme fly and click l)eetle, the 
lan'tr of both of which were addicted to the habit of eating the rfxihJ 
of the grass, just under the surface. English grn^ was then rom¬ 
ps rntirely limited in the up-country districts, andy. ns there are large 
tracts of land in Xcw Zealand destitute of native grasses, tho depre¬ 
dations of these insects? became a ficrious mat tor to those settlers who 
had stock to feed and who were relying cm the English grass to fce^l 
it* Tt wtt$ all the more serious because the iiisecU were without any 
natural clieck, the natiTe bird^ which had kept them in subjectioii 
before the advent of the white man having been cither killed or 
dri'vcn from tlie vicinity of the homesteads^ So the- lieetlca continue&s^ 
fo make meriy. to marry, and to multiply. In a comspontling mtio 
the grnsj continued to fade, to wither, and to die. 

Then come the English starling* and m voraeiously did it fwl on 
the larrie that soon all was green again* 

A cose similar to tlm foregoing occurred al)out fire years ago m 
an inland di^riot of Australifl, where, owing to the nilhless destruc¬ 
tion of wild bird life, gruN took pi^session of the land* and, eating 
out the grass by (he roots, transformed what bad been a rich pas- 
tural country into an unprofitable waste. 

IVitbout the aid of birds gross could not be grown. The grub of 
a single species of beetle> if unchecked in its multiplication* could 
d^lrpy all the roots in our meadows; or any one of the several spe- 
uiK of cutworms, if its reproduction was not restrained by birds, 
might be sufficient to destroy all the v'erduro above ground* 

HAWKS! ASD OWT*S. 

* 

The injury to trees, cropa^ and grass by mserta is not the orjy evil 
that thiTiatens mau as a sequence to the destruction of birds* Hapa- 
cioua birfs hold a chief place among the forces which are appointed 
hold in cb^ small rodents, which breed rapidly, and unless kept 
within bounds sje exceedingly desstractim Yet, notwithstanding 
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the auaniiBQBs t&stinion_v of cnreful ^tiidentis of birds and their food 
hubits to the effect that almost all hawk^ mirl are beneficial^ a 
widespread prejiidico still exists against thenn They are slain ns 
relentlessly as if they were enemies instead of friends of the farmer* 
Tile destructive habits of the small rodents, which are the natural 
^ prey of hawks and owk^ are much the same all the world round. 
They do an incalculable amount of damagTC to Htandinjr com, to com 
in the stook or when sta?.'ked* to grain^ to root crops when growing 
or when piled on the gniund or stored in pitSj to orchardfi and forest 
t^ec^^J to Ihe roots of clover and other grasses, to ground-growing 
fruit, and to gErdens, botli fiower and vegetable. In addition tn 
this list of crimes, certain rodents are active ageuLs in carryio|r and 
dissetnmatmg tlw germs of plngue and other diseases. 

Here in England—^thoiigh on account of their small sisaj and se¬ 
cretive habits they are often undi^erned by man's dull eyes^they 
swarm In mA numbers in the fields and bedgerowa tliat the damsge 
tliey do must prove a steady drain on the resources of the farmer* 
The number of small rodents eaten by the rapacious birds b almost 
as remarkable in proportion to their aixe as is the number of insects 
eaten by sm&ll insectivorous birds. During the sunimer of 1890 a 
pair of barn owls occupied a tower in ii building at Washington. 
After their departure there were found in the rcgiirgitBtefl pclletfs 
vyith which the floor was strewn^ 454 sknUs of small rodents. 

The young of hawks and owls remain n long time in the nest, bik! 
require a great quantity of food. During tins period the resources 
of ihe parents must bo taxed exce^ivdy in the effort to satisfy the 
hunger cravingia of their offspring, and it la not to bo wondered at if 
some individuals are forced occasionally to snap up a chicken. FSut 
what is the worth of the chicken, or of the young pheasant^ occasion¬ 
ally taken, comparecl with the hundreds of thousands of pounds^ 
worth of damage that is wrought in the orchards and fields by 
rodents that hawks and owL% had the)*' been spared, would have fed 
upon for the maintenance of their species? 

in 1885 the Legislature of Pennsylvania pa^ed an act, known 
the scalp act,*- which provided a bounty of 50 cents each on 
hawks and owb killed within the State limits, and a fee of 20 cents 
to the notary taking the itfiidBvit. As the result of this act $00,000 
was paid in bounties during the year and a half subsequent to the 
passage of the act. An irruption of small rodents followed and did 
damage to the agricultural interests of the State amounting to 
$3;850,000. And even these figiiresi enormous as they are^ dn not 
represent the entire loss. Tears must elapse before the balance of 
nature, which was destroy-ed, can be restored* 

In Montana the destruction of hawks and owls was so complete 
that rodents, freed from the pressure of Iheir natural chocdc, became 
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as one of the plo^zes of the Book of Exodus. Then tliie leglsluture 
poised A law offering bdimti^ for iht destruction of the^ four- 
footed pests. During sis months of 1387 such large sum^ were paid 
out in bounties for the destruction of amali rodents—a work that 
ihe hawks and owls had previonslj done free of charge—that ii 
sX’^ial session of the legislature was called to repeal the act, lest it , 
should bankrupt the State, 

In 1907 Nevada went tlirough a very trying experience with niiiss, 
while Utah, Wyoming, California, and sevcml States farther 
h 0 ve all had occasioo to hitterly rue the day that they shot their 
hawks and owls. 

But the destruction of small rodents is not the only function of 
rapacious birds in the economy of nature. Several species are 
voracious insect feeders. Nor k this alL It is well known that when 
amnl] insectivorous birds increase abnormally in numbers they, too. 
became a pest. Hawks and gwIe materially a^kt those other agencicfi 
of nature which act a£ a cheek on the undue increase of small birdsL 
If rapacious birds were rigorously protected in this country we 
should have fewer complaints of the damage done hy sparrowsL 

Birds of prey, if tmmolested, not only prevent the overproduction 
of BCnall birds^ but they also confer a salutory benefit on each species 
on which they prey by checking the propagation of weakness or 
dh^sse by killiog off the sickly and most unfit individuals, for 
are the most easiiy seen and the most rcaddy captured. This is particu^ 
larly true of game fowl, and one of the most plaudble hypotheses 
explanatory of the otvasional outbreaks of disease among grou.^ 
been the removal of this corrective by igtioraut gamekeepettF* 

Yet it is my belief that nothing but a miracle will ever make thc*t» 
loen Bee the error of their ways. 

Some years ago, when lying in the sweet-smelling heather on a 
mountain aide in Scotland, I pleaded for the life of the hawk bofore 
one of its executioiiets. The gamekeeper listened in silence until my 
address to tlie jury, so to speak, was concluded. Then he said, 

YeVe a cold i* the held.” I did not see the relevancy of this re¬ 
mark, but I nodded absent. After a pause^ he added, “ Ah, weel ; ye 
eanna complain. The cold aye attacks the weakest place first.” 

Kuflirs say^ ^He who killa a hawk must l>e put to deaths” 

THE IDOONOMIC VALUB OF THE WTHTE UEROS. 

The destmetion of the white heron for its scapular plumes has 
rd)bed half the world of a bird which is most useful to It 

never touches grain, but foods solely near water and over damp 
grouod, the breeding places of umomerable batrachioiLs, small ermia- 
ceans, and pestiferous insecis, all of which direcily or indirectlv in¬ 
juriously nfleet Crops in the neighborhoods The presence of the 
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white heron m the rice fidda. for irist&nce, is dbtmctly beneScial to 
the farmer, nnrj rice is one of the most extensively grown crops of 
Indin nnd of China. 

In Australia the slaughter of this fimA other wading birds for their 
plumage is eansing in that country a cterline in its fish rcs^iurces. Tt 
. is the destruction of these birds which hast led to the ever-iiicrctuiiing 
multitudes gf ertiMiiccans which destroy the fish spa^vn and the young 
fish hatching out in the Coorong and in the lakes at the ilurray 
Mouth. 

In his report on Egypt for the year 1912 Lord Kitchener stated 
11 lilt the indlsorinimate destniction of bird Life had a] towed an 
onormous increase of in^t pests^ steps for the combating of which 
were to be taheni Lord Kitchener knew that in spite of the im¬ 
proved methods of fighting insects there was only one step that ho 
could take that would be effective. A Khedivial decree was issued 
forbidding the catching or killing of^ or taking the egga of, Egypts 
insectivorous birds. In ksuLcig this decree, two tilings were pmmi- 
nant in I^ord Kitchener*a lliotights—the destniction of the egret for 
its plumes, and the fact tlmt in the vdley of the Nile thk bird is one 
of nature's checks on the cotton worm. 

White herons consume many flios. as well as the larva* of insects in 
water. This fact is well known to Uioae who have watched the habits 
of oxen and buffalo in ^Vsin or Egypt. There tlie smaller white 
herona—the paddy birds of India^—live with the o^cen or the buffa- 
If^es, and pick the flies or the tickE from their bodies. 

The late George Grenfell noted once on the Congo how a dying 
wliito heron^ which he had shot and put into his canoe^ roused it.self. 
even on the approach of death, to snap at the tsetse flies which were 
settling on his boatinan^s legs. 

VAniTE or HJRI>3 TO LIVE NTOCK. 

The injury done to domestic animals by biting and parasitic in- 
seetri is very great- Herds of <!Attle are often stampe<led by these 
formenting creature, which carry disease and death among them. 
Another great aBliction is the warble^ which is » small tumor pro¬ 
duced by the larva of the gadfly on the backs of cattle, and the eon- 
Btant irritation of which causes con^derable depreciation in the 
value of hides, besides a ieosened quantity and poorer quality of beef. 

Horses, sheep, and other form animals ore subject to the attacks of 
similar parasites and other persecuting Insect foes. 

If it were not for the services the bird renders in alighting on ani-^ 
mals in search of these parodtes^ or in eatching the fliesL on the wing, 
or in eating them in the embryo state, man would be unable to keep 
hL live stock. 

More than this, man himself would be unable to inhabit many 
places on the earth which he now cultivates^ or where he carries on 
other lucrative industries. 
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3BORE BEKDS AXD DISEU^E. 

Deadly maJaUiefl ai^ carried aboutr by tha myriads of mosquitoes 
and flies tliat abound on the coasts of tropical and subtropical coun¬ 
tries, Yet the shore birde^ which render invaluable services to man by 
destroying th^ venomoue pests, ore thoughtlc^ly killed by him in 
countless tliousands. 

To bis bouor^ be it said^ one of the fir^ acts of ill'. Wibon when he 
became President of the United States was to issue an Executive 
order probibitingr under heavy penalties for infraction, the destruc¬ 
tion of any wUd bird in the Canal Zone, 

GAME nnms \vt:ed i>1i:wroyers. 

XJnquc^ionably weeds sen.-e a useful purpose m nature^ but that 
purpose is not the Gccupation of cultivated land, AVitbout check 
they wouid speedily choke all grain to death. 

Constant use of harrowa and hoes will do ruueh on farm lands imd 
in gardens to keep down wcedfi, but as most earlh is full of weed seed, 
which retains its vital it jp for years, the life of the tiller of the soil b 
one continuous struggle against these troublesome plants. In this 
battle the bird is of great assistance, for the number of weed seeds 
4 >incn by birds on cultivated land must be beyond any assignable 
quantity. ^ 

Game birds generally are the greatest caters of weed scoda They 
aiu also iiseful to man in several other ways. Not otily do they de¬ 
vour mature locusts, hut they scratch up and eat the eggs. They also 
consume in large quantities terntitcs and otlicr equally pertuciom* 
insects. The reckless shooting of game birds is to be deprecated. 
They are of far more use alive than in swelling the bag of the sports¬ 
man. 

The quail is perhaps the greatest weed destroyer of all the game 
birds. It is doubtfid, indeed, if the quail is not more useful to man 
than any other bird. It is very nearly wholly beneficial. Duritig 
spring jaiid summer it feeds on many of the most destructive of in- 
&ect& and in autumn and winter it cats an enormous amount of seeds 
of many harmful weeds* 

The report of the United States Biological Survey saysi 

II la reuaotinblo to KU|i|;te^ iTiat \u the Stales of VLrglala ntUl CarollDa 

froiu ficijteinhciir 1 to Aptil 30 ili-ere were foor qoall to cacR BPQisnro mile of iiiuA 
Tlie cro|> of cticb t>inl Isolds Iinlf an ounce or WHkl aimI Ib Oiled a da>'. 

Sluce at eacli of niese two dolly mcu1« Immifu! weed acyds canstLtnte ot Isuft 
bair iho coatenlB of tlae crofi, a luilf ounce dally ccnsEnucd tr eacli bird. 
On taiA liiiBla tho total coniniiDpttDn of bunufiil we^d eeeda hf nwall from 
8«t>teinl)er to Aiml In Vltglnln and NortU Carolina amouata to 1,341 totiA 
ileatructlve lawhiB form about one-lJiIiil of the bird's food from June to 
quail cciiuainte toui of ibeee peala In ilieie SUtca witlUik Giosc two ntouilu^ 
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But perU&ps llie most valuitble j^ervice that qimiJ render tiie people 
of the Umt^ States is the greedy way in which—and they stand 
almost alone amorig^ birds in this particular taste—they eat the evil- 
smell iog potato bog, or, as we call it, the Colorado beetle. 

In addition to this inestimable service it is partially dm to this 
. bird that the cotton boll wcevU has not swept over the eiitira cotton 
belt of America, bringing ruin to thousands of huinan Ix-ings on 
both sides of the Atlantic. 

THIS BlUTi A fSCAVEXGEa 

The fishing population of these islands has declared war on the 
gulls, and is demanding the withdrawal of certain species from the 
list of protected birds, on account of tlie damage they are alleged to 
do to the fishing industry* People who believe fishermen's tales are 
apt to be duped and led inlo repeated errors. The gull is a surface 
feeder. It may occasionally levy toll on useful fish, but to say tlmt 
it does any appreciable Lniury to the fishing busineHs is absurd. 

On the other hand, the presence of the gull is essential to man’s 
health. Wldlo the bird fulfills many useful minor offices—such as 
destroying lan's? in land along the seaboard and in eating enemies of 
foh that are e^eposed dtiring low tide—its chief function in the 
economy of nature is that of seav-engcr of dte harbors and of the 
littoral j just as vultures are the scavengers of the mo inland* The 
wholcsak destruction of guUs for their plumage in T'ucatan was 
follower] by a giTat increase of human mortality among the inhabi¬ 
tants of tlic coast* which mortality was irrefutably due to the lo^ 
of the bird^ that had kept the harbors and bays free from the decay* 
ing mutter which the sea is con^atitly casting asliore. 

1 wonder if these men ivho wish the gull dcstrtkyed ever give a 
thought to what would happen to their own smelling villages if this 
bird was not present to eat the refuse they throw abont? Or, again, 
if they ever reflect on that feeling of relief they experience when in 
thick weather they hear, tlirough the fog, the clamor of these feath¬ 
ered bell buoys* warning them that they are nearing rock or bar t 

THE niRD AS A GUAXO PRODUCER. 

J>ow that I om on the subject of pelagic birds* T will speak of 
their value aa guiitio producers. 

TTndnubtedly the present enormouH trade in fertilizers owes its 
origin to the bird, for the fertilirdng properties of the phosphoric 
ncid and nitrogen (Untamed in fish was not recoguiaed until guano— 
which is the excrement of sea birds mixed with &sli—became a 
stimulus to ifitensivc agricultiire* 

The value of giimio as a fertilizer was known to the people of Peru 
in the time of the Incas, though Uie nineteenih century had dawned 
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before Oie ijcifomadc^ii wtui cu-rried to Europe by Humbuldt^ Under 
tbe rule of the momitdis of old P^nj tlie birds were rigoruusly pro¬ 
tected and the guino deposits carefnllj guarded* Thr^e centuries 
later these protective measures materiali^ed in a BOUrce of revemie to 
die country. Generation after generation of sea birds bad placed on 
their breciling grounds deixmts of gimno which, in 1655* were . 
cstirmitod by the Peruvian antborities to bo worth $6^0,000.000. 

IL is our pleasure to think of the Incas as barbarians and to look 
upon their iitues a^ dork and rude. In our own enlightened age man 
kills at one fell swoop over a quarter of a jnillion ^ birds on an 
island valuable for its guano deposdis* 

VALU^ OF WT1.U HtRD LIFKI A FOOH StJPPLlt* 

Under certain conditions wild bird life is invaluable to man as a 
food supply. The pioneer any rate* at th* commencement 

of his farming operations—live in great part on the wild products of 
the earth. In days gone by the fererutmer of civilization could oon- 
ddeutjy rely on his gun to keep his larder constantly stocked with 
edible birds. STow^ in many parts of the worlcL, he is confronted 
w itli nn alarming scarcity of thig kind of food. Tlio great straits to 
which the pioneer of ibis future will bo reduoed on account of the 
present-day jdaughter of valuable bird life is foreshadowed by what 
h happening to-day m Hudson Bay, Fifty years ago the number 
of wild duck in Xoilli America was beyond computation. But u^on 
could not silay this bird fast enough to glut his blood lust. Sports¬ 
men. professional bunterSt and agents of the millinery interest smote 
them by ibe miUioQ. Such blind and wanton butchery could have 
hut one result. Duck^ are now ^ scarce along the west coast of 
Hudson Buy; where there are no moose^ caribou are scarce^ and the 
Bshing is poor, that the people living then?^ who had always depended 
on the ducks they could pack away in the autumn^ dnd it difScult 
to get sufficient food to carry them tlirough the winter. 

TME .WrilOTIC ANB fiEMTlMENTAl. VAi-Bi: DF BIEDg. 

Omitting all mention of various other materia] benefits which birds 
colder on man* I will^ before concluding, notice briefly their sesthetic 
and sentimental values. 

Bird life is the part of the creation in which nature has done more 
in the way of bestowing mental benefactions on man than in any 
other of her works. Unconsciously received* yet bom of it, ther^ is 
a Erpiritual teaching, on uplifting influence^ in the study of binds 
which tends to make a man act more con.stftiitly from prindplci. which 
tends to give a new and a more wholesome tone to his whole life* 

The companionship of birds affords a happiness as pure, perhaj^ 
and as permanently exquisite as man in his present slate of being ceiu 
posSihly enjoy. Xqver came purer joy into my life than when* rising 
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at ilflwn from mj couch of fertij I beard the approach of the coioirkg 
day heralded b}' a chorus of glad bird Toicea. Never havo I expori- 
oQced emodons which have so laEtinglv rnipmsed my mind as when, 
in the inexpressible mystery of the darkened forest^ with the star^ 
drifting: over. I llstenod to tho sublime notes of some featliered 
« psalmist, its^olf in night inmible. 

The world itself is but an outline i^keteb; it is the birds which 
fill in the details and complete the picture. Towered vaporB of the 
mimmcr finnament hang on the wall of the sky against a seating 
cif iminutabic blue; the trees are motionless j the glassy waters of ilic 
lake too idle to curve and break upon the shore. Notlxing speaks of 
life or action. Suddenly, hitherto unseen in leafy tracery, a bird 
r^Lshes out and up into the air, telling the sunshine all its ]oj. One 
ran almost hear the mechanism start The world begins to live and 
move. What artist is there who does not know this! Even wlieu 
painting either of tho two most majestic scenes on the earth—tbe 
ocean or the Himalayas-4ie adds this stimulating power to hts 
4-anvas, 

To turn from tho palette to the pen, wdiat poet is there who has not 
Iwcn Itufpircd by blrdal From the background of my memory a 
thomund instances of such inspiration come leaping forth, Shelley^ 
Coleridge, and Longfellow, to mention three only of our smgerS| 
h*Te been each rendered immortal in vii'tue of the power exerted on 
their minds by the bird* *'To a Skylark,“The Ancient Mariner^^ 
and “The Birds of Killingworth ” are poems that are imperkhablc- 

The Mexicans felt the poetry when they looked upon the humming¬ 
birds as emblems of tho soul, as the Greeks regarded the butterfly^ 
Sind held tliat the spirits of their warriors who bad died in the de¬ 
fense of their religion were transformed into these exquisite creatures 
in the mansion of the gun. 

Earth holds no joy to tbo eye mom sweet than the sight of one of 
these living gems as it flits to and fro with the shrillest vibration 
of swiftly beating wings, hovers for an instant in the ^hado of a 
pendulous blossom, shoots out again into the aunahinc, darts away 
after an insect, wheels round and round in sheer exuboranee of 
spirit, returns to sip at the neclared cup, then flashes up again, glit¬ 
tering with all the colors of the prisni, into its home in the air, 

Was all this beauty for no purpose but for the gratification of a 
piihsiiig fashion! Is man constitutionally unable to realize that in 
the beauty of these feathered jewels there b a Yalne greater than 
tlie value that Is entered in a ledger! Children gather flowei^ of 
ihe field, and, presently, their fleeting fancy sated, toss them assitle 
to wither and die. But the seeds, the roots, remain^ The daisy will 
blooiji another yeart the cowslip win stain the meadows yellow as 
of yore: but th^ bloesoms of the air will never bloom again. 
Once gone^ they are gone forever* 
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Birds uiiquestionably are one of manV most Taluable pos^ssionsi 
yet it Is just the poss^^on on which ho sets the least Talus, 

Whererer there are birds whose plmnsge is suitahle for millinetyt 
there will the cruel and papaciotta agents of the feather dealers be 
found engaged in orgies of wasteful destruction Wbei'ever there * 
are birds tliat are classed ^game*" there hastens the timrket hunter 
to kill, kill, kill, eo long as any sBleble thing rejuains to be kiHed- 
Wherever there are species that have been harried by man to the 
brink of eSftinction, there will bo the collector also^ anxioixs to obtain 
the lasrt lingering representatives of a race before bis rival a 
chance to do so. Wherever there are binis whose eggs are valnablei 
there hurries the egg collector to destroy not only the embryonic lifo^ 
but often the nmture life as well by shooting the bird that laid the 
egg for the purpose of identiBcation. Wherever in the wild placca 
of the earth there are birds which are considered to be good sport," 
there saunters that vauda! of creation, the hunter of means and . 
leisure, to expend on the most beautiful and the most harmless works 
of nature Im instmetive desire to kilL 

It ia the nature of infamies, ms well m of disease whose progress 
is not checked, to daily grow' w'or^; imd if the present-day wfisieful 
and depraved practice of denuding the world of one of its 
vailiable natural resources fe not checked, there will be wroiighi*a 
mischief, a iiniversal disaster, more awful in its results than words 
can express* 

1014 



, EXPERISrENTi^ IN FEEDING HtHDONG BIRDS DURING 

SEVEN SUNIMEES.’ 


Bjr ArTHE.% U. SiiiEUiAS. 
ifETtfHekflar, /atTV. 


The e:tperimEnt^ herein dcserilwd wei'C hegun without intending 
them to bear upon the qite^ion of the food tiftturtilly sought by the 
mby-throated huDiming bird {ArchllockiA^t colnbriM ); the original 
aim of the feeding was to altmct the huncuning birds about the yard 
in the hope that some tiina they would remain to neat there- The 
experiments hare been eonducted on independent lines wltiioiit 
knowledge of any similar work that was being done by others until 
the autumn of 1012^ except in one mEtanee. where speemi aeknowl- 
edgment^ are dne Mm Caroline G- Soule, of Brookline, ^fass., who 
in JQh'd Ijorcr for October, 1900^ describc<l her suisjcsa in feeding 
bumming birds from a vial, which fdie had placed in the heart of an 
artificial trumpet flower made from Whatman paper and painted 
with w'ater colors. This suggestion of using artifieial flowei^ was 
takon« bnt more durable ones w'ore made from white oikloth^ their 
edges were stiffened with one strand of wire taken fi'om picture cord, 
and they were carefiiUy painted with oil colors, the first to represent 
a lioaturtium and tlie second a tiger lily« 

In August of 1007 upon the api>earajic0 of a humming bird about 
our flnwyn$ the artificial nasturtium;, tacked to a stick, was placed 
near a clump of blooming phlox, and its bottle was fiUe^l with a 
sirup made of gnuiulated sugar dissolved in water^ The next day a 
female nibrthroat was seen searching the depths of tiger lilies that 
grew north of ihe hoiLw; as she flew to the east of the house she wa.^ 
instantlj followed, and was seen drinking from the srtificiid flower 
for the space of alxmt a minute^ after which she flew to a rosebush* 
wiped her bill, and rested a brief time before fli'ing away* Tltis was 
about noon* She returned at intervals of abotit a half hour for the 
next three hours, then at 3*10 o'clock she came back to search quite 
thoroughly the phlox blossoms, this being the first time she had paid 

^ afprSm ttf4 ty [HcricilhTlaD frwm Tll^ WUmp BuElfHtlii Nci* JB®, V^L 25* N(l 4 ^ 
laiO, JPIB* by Ljndi JtmML 4t llw nUriy^iant Aonual C(ibET<«« ci£ 

chv OraJttaGtcKl^' UdIab* Kew City* Nffv* 11. 
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any uttenliun <o them finding Uig sirup* Ten minutes later 
(Irunli deeply from die bottle and ivas seen nn more that day* 

In tlm way began the feeding of the ruby-thronted humming 
biitiii, which has been eontinued each saiinttier ainee 190T with, a vary¬ 
ing number of birds. The first Hcasoji it appeared that but a single 
bird found the bottled sweets. Perhaps it was the same bird tluii 
L-aine the following guinmer, and was not joined by a second hum- 
uimg bird until the latter part of Atigu-st. In 1909 the uuuiber wajf 
grnrliiftlly augmented until ^ven of these birds were preAeot to¬ 
gether, Tlie following year there were days when again seven came 
at one litno^ since then four has been the largest number seen to- 
getlier. 

Tlip dayij and weeks are calm and quiet ones wbesi n single bird 
has the bottles to herself* More or less fighting ensues as soon as 
another bird comes on the scene, and the ttimuU of battle increases 
with each new jirrival iintU the pt^nce of eis or seven of these tiny 
belligerents makes the front yard appear like the staging of a bulks:. 
With clashing sounds and continuous squeaking cries they chase each 
other about, often swinging back and forth in an arc of a circle with 
n sort of pendulum-like motiom Sometimes they dineb and fall to 
the earth, where the druggie is coDtinued for many seconds. So 
jealous are they lest others share the sirup that they ^seem mons 
anxious to fight than to drink. l^Tjen se’i^n are present they are very 
diifieult to- count, and appear to be tbreefold that number. We 
have read accoimts of 40 or 100 hunumng birds hovering about w 
tree or bush. Clearly these numbers must have been estimates, prob¬ 
ably large ones, too^ anyone must believe w’ho has made sure that 
only seven birds have created the ma^ of wonderful and beautiful 
motion in w'hich ihere seemed to be a doxen or a score of parti eipant^ 

The number of bottles in use has been sufiident on moat days to 
satisfy the needs of all the humming birds present. Each new botUe 
has been added by way of an experiment. The first one was placed 
tn an artificia] flower painted to imitate a nasturtium^ mainly yellow 
in color; the second flower in form and color closely resembled a 
tiger lily. The experiment with the yellow and the red flowers was 
to test a supposedly erroneous yjisory which had been published to 
the efioct that hununing birds show a preference for rod flowers. In 
further proof of tlie fallacy of this statement the third flower, shaped 
like the nasturtium, wa^* painted green, and was placed in a bed of 
green pknU which at that time bore no blo^somo. It was pronounced 
by other people to be "exactly the color of the surrounding foliage,"’ 
It vem idaked out and filled on August 5, 1909. when no hmumirig 
bird was in right, but in about 10 minutes some of the species had 
come, and ir^ minutes later one was drinking from the bottle in tliia 
green fioweCp 
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It was tJifeiu suggested by my sisi^r. Dr. E. Amelia Sberman, tbut 
1 tty a bottle Arithout an oncireling flower. The problem of support¬ 
ing u bottle ATithout an artificial flower was solved in this way: The 
bottle was incflAetl m a piece of unbleadied muslin, enough of the 
cloth extending beyond the bottom of the bottle to allow the tacking 
.of it to n sticky The support of the bottle in a position slightly up 
from the horizontal was furnished by a piece of leather with a hole 
in it through a'hich the bottle was thrust, and the leather tvas then 
nailed to tlie stick. In ibis arraugemenl the most t'ivid iiimgiiiatlot) 
can fiml no suggestion of a flower. It was put out on August S, and 
in 43 minutes a bumming bird was drinking from it. Tlic bottle 
was tben moved from proximity to the artificial no-sturtium and 
tiger lily, and a humming bird found it in its new location in 3^ 
minutes- This place about fi feet from the artificial flowers has been 
its position in the four succeeding summers. In July, i!>M, two 
more flower less bottles were added to the group, making six in all. 
For convenience in referring to them the fiowcrlesi^ bottles will be 
called by numbers 4, 6, and C. 

Bottle Xo. 4 had not been tong in use before it was nole<l that the 
humming birds showed preference for it, while the nasturlium was 
sought least of all. This seemed due to the deep insetting of the 
bottle in the Sower, which caused the birds to brush against Its lower 
leaves, an unpleasant experience when sticky sirup adhered to it. 
For this reason the filling of the nasturtium was sometimes omitted 
for several days, whereupon the humming birds aoon ceased to visit 
it, although drinking regularh' from the tiger lily a few inches 
a way. Wlien the filling avbs iiesumcf] the birds returned to it as they 
had been accustomed. 

In tlic fourth season of experiments the bottle held by the green 
flower was put out when the others were, but was not filled for six 
weeks. During that time bumming birds were, present and drinking 
on 23 days. It is safe to say that they Avere seen drinking fully 400 
tlmeo from the other bottles, but never once were they seen to ap¬ 
proach the green flower. The first morning it was filled four of them 
were about the yard and one drank from this flower Iavo minutes 
after the filling. The following year (IflU) after dark on July 14 
the green-flower bottle was set in its bed of green and was left empty 
for a few days. About noon on the 17th one of the rubythroat-s vis¬ 
ited it, thrusting in her bill \ the bottle was then filled for the first 
time that year, and in a half minute a bird was drinking from it. 
To this is added a transcript from my journal bearing date of July 
17, 1312: “-A.bout fl a- m. before I had put out any sirup a humming 
bird Avas dashing from bottle to bottle and tried the green-flower onei 
It was bent over in the green foliage, and certainly has had no sirup 
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in k for six or longer, X filled it after [ saw the bird visit it, 

jind &ho came again to drinkJ" 

The new bottles Xp. 5 and Xo. 0^ covered like Xo. 4 with white 
riitidin and nailed to a weathcr-b^ten fence picket^ were put ont after 
dark on July 2B, but neither was filled for one week. The next 
morning about 8 o’clock a humming bird was searching one of thc^ 
bottles for suspected sweets; font such visits werit noted in one day 
and on sjCveral other occasion-^- At tlie end of the week the filling of 
No, 5 begun, but no sinip was put in Xo* fi for two years* During 
lliCife years a rw^rd was kept of each time a humming hir<l Avas seen 
to viat and search thh unfilled bottle, and the total number was 15* 
in addition to those visits already mentioned. 

Thus far this writing has been confined to a description of the 
things seen; no theorica have been advanced, no deductions have beeu 
made^ no hypotheses luive been carried to their logical conclumom 
The fiT^ deduction olTcred is that at the beginning of the experi- 
meutHS^ in the artlficml nastnrtiuin may have led the humming 
bin! lo explore its depths, and, finding its contents to her tastc^ slie 
returned to it. Other birds may have found the sirup there in the 
same way, yet it seems more likely that most of them were led to the 
bottles by seeing another drinking. This probably was the case with 
the catbirds that have drunk from the bottled on several occasions, 
althoiigb they have found it an inconvenient perforniance, The H^une 
may be true of a pair of ehkkadees that drank as long as they re- 
niaincd with us. They dung to the stiff leaves of the tiger lily and 
found no difficulty in the way of drinking. Only one humming hied 
learned to perch on thLs flower and drink from it while standing. 
From the earlier experiments ii sxm suspected that the humming 
liirds found the drup through some sen^e^ rather than stumbling upon 
it by diance or through imitation, but several things disprove such 
a supposition. The principal one is that migrants passing through 
the yard in the spring, but more espedally in the fall, fail to find the 
sirup. That these migrants con be recognized as such by their 
behavior will be shown further on^ 

Trio 25 or more visits paid to bottles Xo. 5 and Xo* B before they 
were filled for the first time show that the birdis recognized them as 
reccptaeles for their food^ though they were new bottles occupying 
mv; locations. To make sure that the birds should not be attracted 
to them by seeing me stake the pickets out, this work was done after 
diurk. The first ffummer that Xo. S was out, frequent pretenses of 
filling it were made in sight of the birds, but no response followed* 
The next summer no ^cb pretenses? were made, yet a humming bird 
was seen to search this unfilled bottle on May 12 and 31, twice on 
JujiG 1, on July 21 and 26^ on August 4* 7, 1^, 2B, and 20, 
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One is led to wonder if the Hoaienc gods on high Olympus were 
mi>rie deeply birred by the appoaratiee among them of the youthful 
Ganymede bearing cut>s of nectar than nre the humming birds at 
sight of their cupbearer. When several of them are present the 
wildest confusion reigns. Possibly not one of them h in sight when 
the door is passed, yet instantly tlie air seems filled witli them; some 
stinngiiig back and forth in the air, squeaking and fighting, or dart- 
itig from bottle to bottle thnustitig iu their hills ns they pass^ whUe 
an overbtdd one will buzz ebout my head, sometimeij coming under 
the porch in her zeal for the meeting; but the timorous ones Hy from 
their perches into sight over tlie bottles* then back into n bush. Some 
one of these types of behavior marks the bird boarder from the mi¬ 
grant. The latter pays no attention to cupbearer or bottle, but dilh 
gently searches each bunch of blossoma. For two or three weeks 
after the drinking birds have left there is occasionally a migitint 
among the natural flowers. The bottles are full of simpH, hut it 
them it nhecd fully. 

Habits ficcui to change when steady drinking is practiced^ but m 
the case of the birds the habit docs not appear to be a harmful one* 
At onC5c she readies to search the flowers and, like the typical summer 
boanler, she sits and waits for the food to be served- Each bird ap¬ 
pears to have her favorite perch, a dead twig of syringa or lilac 
biLshes on the north, or on the south in one of the snowball bushes; 
the telephone wires on either side of the street olfer acceptable wait¬ 
ing places at times* Not infrequently I have been intent upon other 
duties uboui the yard and looking up have found a ruhythroat 
perched directly overhead, her briglit eyes seeming to say want to 
be fed*^ So complete appears the ce^tioh of the search for other 
food that it led to the keeping of a fuJl record for the post three 
years of every time one of these birds has been seen catching insects 
or searching the natural flowers for food. Most of th^ instances 
noted were, if the whole truth could be learned, probably, of 
strangers just arrived within onr gat£5 that had not yet acqtxired the 
drinking habit* 

In 1011 the drinking birds were about our place on 43 daya* Dur¬ 
ing that time on only foiirocc4isionswafi* a humnimg bird seen catching 
insects or probing the flowers. A Urge number of plants colled 
“ Star of Bethlehem had been rai^edi these flowers in previous sum¬ 
mers having proved a great attraction to the ruby throat in the yard 
of a friend living 2 mdes distant; but our drinking birds were never 
sw to visit these flowers. After their departure strange humming 
birds searched them thoroughly, as well as the phloi, tiger lilies, 
sweet peas, nasturtiums* and dover- These strangers were present 
on 12 days. In 1012 the drinkers were with us on 77 days, and were 
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seen but 10 titnia seeking othet food ihuJi sirap. lu 1013 for 40 days 
the drinking birds imbibed, and on nine occasions a liuinniing bird 
Was seen gathering food elsewhere, tn the 100 dflys tiiat mnlie the 
grand loitil for the three summers, the ruhvthroats were seen drinking 
sirup between one and two thousand times; they were seen collecting 
(iwil away from the bottles 23 limes; but one can not be positive that 
insect food was always taken then. Never for an instant was one of 
these birds in captivity, and there was tho utmost freedom for it in 
choice of food. 

This choice of a sugar diet, together with the large amount con¬ 
sumed, caused surprise, and soon called forth the estimate thai a 
humming bird would eat & teaspoonful of sugar in one day. Some 
method of testing tliis estimate was sought, resulting m a plan for 
putting the bottles beyond the reach of the ants that swanned about 
them. The slick that supported tha artificial nasturtium and tiger 
lily WAS nailed to a block of wood which was submerged in a flowerpot 
filled with water. For a short time this arrangement served very 
well, until leaves and flower petals fell In. forming rafts upon 
w'hich tlie ants wore able to cixiss. No myrmccologist was nt band to 
snggest a remedy, but at lost the averaioa of ants to kerosene was 
i ifiniw i, and the water was covered with u film of kerosenn, which 
eflectually debarred them. Nevertlielesa, one day the ants were 
found taking the sirup os of old. tVii examination of cxistUig con¬ 
ditions showed that a gross stem bad lodged against the .^nppor&ng 
stick, forming a bridge over which these wise little creatures were 
bnsilj' passing to and fro. Except when the bottles were isolated in 
this manner ants of various sizes and different colors fed coitHtuntly 
on the sirup, often crowding a bottle to its very mouth, but this did 
not prevent the birds from drinking. I am not prepared to ay that 
they never took an ant as food, but I have stood as closely as is 
posable to a bottle while u humming bird was drinking from it, and 
none was taken at such times. W^en a new bottle was planned, or the 
old ones were set out in the spring and filled, it took from one to two 
days for the ants to find the sirup. A small red species generally, if 
not always, was the ant to make the disooveiy, the fruits of which it 
enjoyed for a very brief season, a large black ant soon taking pos¬ 
session and bolding the spoils for the rest of the summer. 

The bottles, having been removed from the encroachments of the 
ante, were ready for the first test. One bird being the sole boarder 
at that time, a level teaspoonful of sugar dissolved in waicr was 
coDEiimed by bar daily. In time, two, three, four, and five bumming 
bin having joined her, the quantity of sugar was increased accord¬ 
ing!, n spoonful or two being added to offset any possible waste. 
In tlnway more than a pound of sugar was eaten in 20 days, or, to be 
more act, three cupfuls, weighing 9,252 grams, which made on 
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average of 4l>"i gruirw [ler dny. This for the six birtfe frequently 
counted ait present coafimied the first rough animate of a teaspoon- 
fill of ifugar daily for each bird. 

.Vnotlier meihod of estimating the amotint eaten wm demised* 
On several daya tlie sugar and Hie water wert? carefully ineaaurefl 
and weiglied;, then weighed and measured again^ after whieli the 
sirup resulting from their eomhination was also ineasiiTad and 
weighed, until T felt confident that in a dram of the thinnest sirup 
served there were 40 grains of sugar^ or two-thirds of a gram to 
every drop. But the sirup usually used was considerabiy richer 
than this^ easily containing a grain of sugar in every drop; hut it 
seems best in giving the ostitnates to keep them to the weakest grade 
of sirup ever served. 

In making the test a dram of sirup was measured in a glass grad¬ 
uate, and bottle Xo, 4 was filled. This was always done in the morn¬ 
ing j when the bottle had been emptied by nnts- A waiting huinming 
bird came and took her breakfo^, after which the residue of sirup 
was poured back into the graduate, the bottle being thoroughly 
drained. Possibly n drop still adhered to the bottle, but the number 
of minims now in the gtaduste eubtmrtcd from SK) must have given 
very nearly the amount drunk by tiie humming bird* In two sum- 
mei^ a Eiiiinber of these tests were made, A bird took for her break¬ 
fast from & to 20 minims, the average teitig 15, Using the low 
estimate of two-thirds of a grain of sugar to each drop* the average 
breakfast held 10 grains of sugar. A better comprehension of the 
size of that mea! may be gained by remembering that two large 
navy beans or one medium-sized lima bean also weigh 10 grains. 
Breakfast and supper were the rubythroate^ heaviest meals, but there 
were man_v luncheons between them* By reckoning eight to nine such 
meals daily (and beyond doubt there were that numlier), rtat‘h 
again the first estimate of TO to !K) grains of sugar as the daily ration. 
About this amoimt of sugar is held by a common teaspoon w*hen level 
full; such n spoon will hold from 110 to 120 minims of water, whereas 
one of those heirlooms, a grandmother's teaspoon, is the measure^ of 
the standard teaspoonful of fiO minims. Eeferring, then, to the 
standard measure, the bird would be said to eat tw-o teaspoonfiilB of 
sugar daily. An ordinary cube of loaf sugar contains the equivalent 
of thif amount. 

Beflecting upon the bulk consumed by so small a creature, one 
naturally desires to know tho weight of a humming birdp A little 
boy brought to us the body of a male that had been shut into m 
machine shedn where its death may have resulted from starvation* 
Its weight was 33 grains. Naturalists In early days were vexed by 
the same question, as b ah own by a quotation given by Mr. Ridgway 
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in hia book i>n bLitomins- birds. It is from I^hiloisophienl Transac¬ 
tions, KM, b}* Xehcniiali Grew, wbo wrote; '“I did weigh one (in 
thcjM purtsl as soon u$ ever it was killned whose weight was the tcntli 
part of an ounce iivoirdiipoU." From these wei^U one makes tliu 
deduction that our biinmiing tnrds are iiccustomeil to cat of sugar 
twice their own weight daiiy^ ] f human adults ate of sugar propor¬ 
tional iinutuuts there would Ik> mjuired nearly UUO pounds of thus 
shfcharine footl daily for the average person. 

Mu aUctnpf lias beeu nmde to lame the birds that caitm to driuk, 
yet one, jHirhaps two of thenij Ijecamc bold enough to drink when n 
Ijiittlu was being filled; while she thrust her bill into the empty re¬ 
ceptacle a spoonful of sirup was frequently held touching the muiitti 
i»f the buttle, hill alie did not learn to drink from tlie spoon. WTiile 
drinking the tongue was extended about a ijuarter of eii iticL beyond 
the tip of the bill, and two or three drops w'ori! sipped Iwfore the bill 
w as witljdniwn. Once 15 cJi-ujrs wejie taken witJi tlirce insert ions of 
I be bill, and til iiiiothei' time the bird drank wiUiout tlie withdrawal 
of her bill for uIhhjL the diiratjou of u miuute. At such tuues the 
bottle WQA free from anls; piiobably they were present when the 
drinking was done with uumeroiis sips. Often a bird preferred to 
take her breakfast in couraca, perching on a near-by dead twig for a 
cnmiiie or two between drinkg. 


During two of tlic ^soiia it woe thought that some of the birds 
roi;sted on our place, appearing as they did veiy- early, and makuig 
a Jong day for feasting and fighting. In other years the birds wore 
iicen 111 fly eastward at uigbt.and their morning arriv'als were not so 
early. One dune morning b bird was ready for Jier breakfast at i 
oVIock. and took her last drink at night just before the clock struck 
(?. On some August days there arc records of their presence at break 
of day; in one case it was 3S minutes before sunriw. They usually 
lingered a short time after sundown, drinking tong and deeply before 
taking their ei’cning departure. 

The conviction that the same birds were munung to us siunmer 
after summer began to be felt at the btsinning of the fourth season. 
On May of tbat^r the first hummingbird appeared on the place. 
The nest dy the flowerless bottle So. 4 was put out, and in a few 
hours a bird was drinking from it. For the nest three weijks she 
was^seen ^mkmg from t hb bottle on eveir day wrapt two, but not 
m the middle of the day; then for two weeks she was missed, retiini- 
u»g again on the 1st of duly. 

J'r® similar. Humming birds tmv- 

ctaVi Mo bird comme to drink, the bottle filling had been dis- 
^tiMBd, when on June li a humming bird on suspending wuigg wa^ 

««. (»«ch„g tta botti„. X« fl„di„g sinip ,h7n 
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Spot ahvaViri 0f?ciipi(h3 by llip flowerpot boldin|^ tlie nrtifichi] flowers 
when they were in platre, O^er thiB vacant sysnt ahe hovered an 
instant before away. On a few other June Jays a bird of tbb 

.species was pre^nt nnd on the iTtb one was teen drinking, bnt her 
steady sunmier boarding did not begin until Juiy 9* In, the sLvtb 
spring the species arrived earlier than usual bottles w^ere (Hit 
on ifay 7 w'hen a hurnming hind was seen hovering over the cus- 
toniary place for the artificial ltowei3. .Vs quickly as possible these 
tlowers were put out, bill before they could be filled the bird waw 
tdirusting her hiU into the tiger lily. She came to drink on most t»f 
the days thereafter until -Tune lb nlso dune 14^ 15. and 24^ and on 
July 1 and 2; but it was not until July U\ that she came ftir constant 
drinking- 

These dry and dull details have Iieen given in full beeau.se iw-o 
theories were bailed iwi them. That the birds of former yeai-s have 
retumed t^j la? feel seemsf unquesationable from their searching iit onta? 
fiow^erless bottle No. 4 und frein the other evidence offered- Tlmi 
the birds cftUie in May anil at intervals in June and July before 
becoming steady l>onrders about the middle of July, seems" to indi^ 
Cate that they nested 2 or 5 miles atvay^ too far for daily trip^ nfter 
inciibiaion began. Tlie supposition that these nestings were in the 
woods is founded on the fart that In leaving the bii'ds flew m that 
dirjjidion. also l>ecause they were never found al>out the trees of the 
four farmyards thiit intervene l^elween our place and the woods. 
Thar in two summers a mother rubythroat returned with her daugli- 
ter was suggested by aeeing on several I occasions two birda ilrinking 
togctlier from one bottle, d phenomenon that nwls explnnation whon 
we c?onsider the pugnacious dispositloii iisiially exhibited by one 
drinker toward anolherA 

la further confiruiaiiori of the foregoing is i!ie history of the 
feeding in 1913, Rottles No. 4 and No, 6 were set out on April 30. 
For two months and $l half no hmnmlng bird visited therm It 
ehanred on July 14 that the rtick support of No. 4 was lying on the 
ground, leaving only No. G in position, when my sister ^aw si hiuii- 
ming bird thrusting her bill into it. She hasten^ to fill this bottle^ 
which was the lii^t tinte it had ever been filled, and it lacked but 
eight days of two ftill yeai> since it was first set out. Six days later 
I was in the orchard a hundred feet or more distant from the bottlca^ 
when a humming bird fieiiv toward me and buzzed about my head a.q 
do no other birds except tho*^ that are fed. With greatly acceler¬ 
ated pidsp I hurried to the honse and filled the bottlW In exactly 
two minutes the bumming bird was drinking from one of them } this 
was the firat drinking witnessed in that year. It was one of my mosi 
thrilling experiences in bird study. Two marvelously long jotU'iieyB 
Ilf frcim one to two tlioiii^oil nules each hud this small sprite taken 
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sifloe last shs had driijik froai th« bottles, yet she had not forgotten 
them, nor the one that fed her. She was quite prone to remind either 
of na when the bottles were empty by flying about our heads, wherever 
she chanced to find ns, whether in the yard, or in the street, Once 
having been long neglected she nearly flew into my face ns I opened 
the barn door to step out. 

The last experiment made was that of flavoring one of the bottles * 
of simp with vanilla, and later with extract of lemon, to see if the 
birds sbowe<] preference for the pin in si rwp or for the Rn vored. Doth 
kinds were served at the same time, and of both the birds drank, 
showing no choice that could lie detected. 

It may already have been aunnisetl from the gender of the prtH 
noun used tliat it is the female only of this species that hag the 
*" sweet tooth.** Xever once in the seven summers has a male ruby- 
throat been seen near a bottle. Tlie drinking birds have been ex- 
aminefl Jong and criticalh’, with binocular and withontj in order to 
detect nil some of the birds the identifieation marks of the voting 
malra, blit without gneceas^ moreover, had young males been present 
they^ too, would have been apt to return in later yeans. This absence 
of the males led to noting their scarcity in general, and to recording 
in notebook when and wtiere a male at any time was seen. The entire 
number seen in the past five years has six on our place and six 
elsewhere. It ia impossible to do more than estimate the numb^of 
females that have bran seen; but when it is remembered that on sev¬ 
eral days in two summers seven have been in aght at one time, it 
does not appear to be an overestimate to place their number at 
twelve or fifteen for each vear or six times inore of them than of 
the males. 

The simple experim^ts horeiu described are such that they may bo 
tried by any one having a yard frequented by the rubyth^t" If 
any one doubts that the femalo of this species will choose a sac 
charine diet, when it is available, let him continue tlw tests until 
convinced beyond fttvjl or a doiibb It is especially desirable that the 
experiments be made in proximity to the nesting birds in order to 
see if the mother will feed mrup to her nestlings. Somstunea our 
catbirds and brown thrashers have come into the porch to the cat's 
plate and taken his bread and milk for tlieir nestlings. Upon this 
hint for needed aid I have put bread soaked in milk on the fence 
tailing for them, and they have taken it also. It is reasonable to be* 
leve that in lite tuanner sweet benefactions proffered to a hard- 
working humming bird mother might be acceptable to her and 
shared by her with her nestlings. 


WHAT THE AMERICAN BIRD BANDING ASSOCIATION 
HAS ACCOMPLISHED DURING 1012.* 


By H. ClEAVTSb,* 


[Vrith 2 platcft] 


Since it is obvious that thia report, will fall into the hands of 
many who are not cognizant of the facts relating to the origin, 
growth, and present status of the bird handing movement in Amer¬ 
ica, it might not be amiss to devote a brief apace at the outset to a 
re\"iew of that phase of the sLib|ocL The mystery of bird luigration 
has tickled and agitated the lay mind and engager] the attention of 
the ornithologist for we know not how long, and although much boa 
beeir ascertained by field observers with regard to dates of arrival 
and departure at given points of the majority of migratory speciea, 
practically nothing is known of the movements of individual birds. 
Even Audii^n became interested in this problem, for we read that 
he placed silver wire rings about tJie tai^i of a brood of voung 
Phoebes and was rewarded the following year by diacovering two 
of these birds nesting in the same vicinity. Wliether tliroiigh read¬ 
ing of this interesting incident or heaefng of the splendid efforts 
put forth by certain Europeans who Iwgan bonding birds os early 
as ISftO, Of by reason of a spontaneous desire to investigate, it would 
be difficult to tcU, but the fact remains that not later than 19® indi¬ 
vidual experimenters in this couniry engaeefl themselves in earnest 
and comparatively extensive efforts to cast light o)) the wanderings 
of birds by the tise of inscribed meta] bunds or rings. 

Not until 1908, however, did anything oppreaching a concerted 
bird banding movement develop. During that year certain mem¬ 
bers of the New Haven (Conn.) Bird Club did a small amount of 
banding, but, realizing how unavailing were the efforts of so few, 
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decided to carry die cause before the of the American 

Ornithologists^ Unicm at Caiubridge, ilass:., in November. There 
it met with fiivor uod the demand by members of the imion for bandjs 
bectune so pronotmeed that f^CKX) ^ere isstied prior to the close of 
the nesting ^seriod of 1900. Of this number approximately 1,000 
were actually placed on birds, and Uietii resulted from these about 30 ♦ 
reLuru records by the end of the year. ^Viih interest aroused, the 
time seemed ripe to give tlie uiuvcment a more concrete fonn than 
it had hitherto nssmued, the result being that suiae 30 mcmben» of 
the American OmithologL^ts" Umoii assembled in Xew York on the 
evening of DeccuilaT 8, 1900, and organized the American Bird 
Banding A-ssociatiem 

Dr, I^n J. Coky who lind been so successfully pushing the workt 
was chotien president* and together with four obk collc?agU'efl made 
up the executive committee* In the spring of 1910, however, Dr. 
Cole was permanently ealied to 3-iudison, Wisv, and partly as a 
result of his iik^^nec* and also on account of the pressing business 
jiiTajrs of all members of the committee and their widely sjcpiiriitetl 
places of neiidence, the activities of the m^sociation were destined to 
meet with a serious f^^tback. Pmctiailly nothing was accomplished 
during 1910 nor in ifllY hut in the fall of the lalier year the Lin* 
iioran Society of New York odercfl Uj foster tiie work, much to tiie 
relief of ihoM previously cnciinibered with it. A eomiuittce 
fcistitig lit first of three anci subsequently of live) w'asj appointed and 
a ^mpaign to raise funds in preparation for tiie nesting season of 
l&lii woii inaugurated aud curried forward with considemble success* 

At tile outset a rhango in the tv pe of bajids scemcf] advisable and 
after inquiriug among m many as six tiiiferent European bird band¬ 
ing oiganizations tlie style used by Country Life, I^ndnn, was 
adopte<l. Seven thousand five hundred of these bands, of eight dif¬ 
ferent sizes and bearing the inscription '' Notify Am. Museum^ 
N, \ iitstcad of *” Notifj' Tlio Auk* N. V.,*- were ordemh For the 
piirjjose of keeping an exact record of every band issucil a special 
ledger was designed ami a filing cabLnei for record curda itnd cor- 
rcsjiondcJicc vm purchased. M the spring of 191'2 approached 
jfost cartltii w'ete sent out requesting that applioatimis for bands be sub- 
nuttetl. So vigoroiLi wa.-^ the I'c.-ponse resulting from these cjud^ 
and from notices in The Auk, BinJ-Lnre, Country Life in Aiiierkn, 
and eke where, that 4*1 T3 bands were distributed among 44 iwrsons 
re'ddmg in various parts of the country, tiud repre^utmg such 
widely ^parated terrUoiies as Nova Scotia, Montana, and Florida- 
.\II told, 800 of tlie bands issued thiis year (1912) hiivc iicen actually 
placed on bin^ and some of these have rtlready yielded return 
res-otds posscKHing a high degree of interesl. The total number of 
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species banded during the post ^eosan iij 79. of which the following is 


a summary; 


Riaek tiulllvnioc^ ^ __ 

SutnUcr 
biiDcled 
in 1012^. 

2 

Great hlack-baeked (toU_ 

HeirtiiK foil __ 

41 

*a- 

Least teFUw_,_ ^ 

7 

Laorh^B petmr. 

_ m 

Whlreihla^ _ _ 

2S 

itiiluesy Ihl^ 

10 

pl^hf^fn .. -r 

1 

AaiiTlRiii ogret _ 

_ 14G 

Snowy ^rec ^ 

so 

LcitiiaiaEia heron __ 

n 

Llfiio bioe heron. 

= 17 

Glwn herfKn _ _ - 

2 

Rlnck^rowiied uifht Leroii. 

10 

HiDilpIjier__ 

19 

KIlTriintf^r 

2 

npLnK ntuiijr 

_ a 

MutimihK dove^._ 

4 

3tfnrsli tuiwh_ 

4 

Earn owl ^ 

a 

Sbort-enred owl^^- _ _ 

s 

Owl_ 

_ 2 

¥eiIow«hSlled eueVoo 

a 

Ydlow-bellted sajisucker _. 

Red-be:nleii wnodpcehe'r _ 

I 

tlkher _ 

25 

Chtninoj' awlft ____ 

5 

Arkjymtiis klDfbtrd _, 

^ ^ 10 

Great crested ayeatchor.. . 

5 

Phfphe ... 

10 

OllvfrsJdi'd ^catcLpr _ ^ _ 

o 

fiJue JoTf. . . 

_ 0 

i^'estern crow __ 

2 

BohoUah_ 

1 

Cowblrd - - 

2 

t£ed-wlu}?Ed hlaekbltd-. 

4 

Hiick-bllTed rvdwlnir... 

S 


s'aiDMr 

baudMl 

ap**® in msL 

M^fi dowlJirlL^ - ^. e 

Wv^t^ru luojtffowlnrb . f* 

Orcliqrd ipHoIp _ _ 1 

Btvwcr's bilJKJlfblrtl ^ ___ ^ ]« 

Ptirplfr araclde^w^ _- 1 

ttqeU -- - 1 

CtmtiilJtHJoIlnre^J ]Dll^^t|^. _ I 

Western Yefii^r fl|>qrrow _ l 

llouHe Bpnmiw^* __ ^_ 1 

BfiniTmv _ LS* 

Wbltfvtliraftted ftjiriritrtfr,. _ l 

CJilppln^ jqinrfKjw 

ri^ld Hfjqirrvw ___ 4 

flnaiTow_ ___ in 

>^HtoM»1orG<l Jiinoo _ - - - b 

___ __ 11 

CuitUttnl __^____ 24 

BoBebr^sted 1 

lEull^ bniitUisr^^-^. ___ 2J 

DreJt<i4fa*el _ !! 

Scrarlet 2 

PnriPle murtm ___ n 

Itam Mw-iillncr. 411 

Red-eyed __ ^ . 3 

BlAirh mill wbite wnrbler _ 1 

Vellow warbler_ __ . = - S 

Myrtle WAibler ___ 1 

Blncl-tliTocit^ fjwti wurbler _ 1 

T^uitllqtia n-aCer-ttiniBli _ a 

Cntbiid_7 

Brown tliraitli€?r^ . 9 

Clilekadee __ G 

Wfl<>d tbruflli_ 4 

RoMb^._ ___ 

Wesrurn robin __ IS 

Blnebtril,, _ , Jii 


TLl> activity of cerlniia of the bamleTS in ih^ fielil liJis been remark¬ 
able arid tlioir observations often noteworthy. For ijiKtunee, 1th. 
O&cnr E- BnyniinL in charge of Bjttl Island m Omnge T 4 ikej Fla.^ 
writer than in placing mm^ 250 hinds on white ami glwisy tbheE^ 
ugreti^. iiinl Louisiaini bhick-crowned night and green borons it was 
necej^wiry for him to wivde jibout np to bhi kncf^ in soft innd and 
guano while the tetiiperature avenjgc<1 04® in the f^iufk^ Jlr, Bay- 
tioi-d aaj'j? further: 


I note a wliJte TbSa tliflt I handed lart y^jar h twwtliur here thlJ* year* aUliofi«b 
1 enB not determine the amuber. Ltave bbOhI tiri> IntLg wliltes oe^tlfii: here thin 
jGsur Umt were here Infit year—one adult with defonueil lu^ nlid a younger 
with a dof^^rmed feoL Tlllif liist yGfir'o yeqtipiTer Imj* a i>est ot Its own this 
jeor and tin- <M ixtie has Imlll In tht-^ bin^i alie iisiei] Inst year. S&^t year 
I win [ircklialily- be nlile to note a lot of bandeil Mrd^ rctamtiif; here to nest. 

Mn A. A. Saimdcrs, of the Forest Service of Montana, is prarti- 
ciilly the mlj person doing my banding work in the We^t. Init I# 
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b ii htfcSt in liltu^lf aft»l no opportunity lo put Ub ba.ndg to good 
use whiJo itinf^ing over his temtoi^. In n ktter ckied June S5, 
1912, Mr. Saunders says: 

J was reoeatljf tulil of an Incidont ot a mutkeil bird rehiniing \a the place 
where If wm born, and uol na mtmy of the facta na pmistibte, ua I believe they 
will be of Interest to the aHsoclatloiL The Irkdleot was lotil me by 3^1 r, E. X. 
U^oodff, a format ratiwer au the t.#<?wSrt and Clark National Forest^. ajxJ while tbia * 
InformatluJi comea acooiiLl hauii^ i beUevo It La corrwL A Lady LLrlof luar 
Afonutitin View, AJhiirtn, Just north of tlie tfaltei! StAtea boundatT^ fonod the 
nesi of n Cntmiln nEid hatched olrt the under n boa. The young geeae 
lived In the hano'nnl that rtiuumer. ami one was* marked by fiiE?lenlng a beU 
anmnd its tkoek. In the fall, wheti n of mlgmllttg geese dew over, tbe 
geese Idt the tkarDyordn aud Joined this ilaik. Two year# Jatcr+ tn tbe tfprfnB; 
the gouae weiirlog the heU ret li med iind slopped in thi* linr^yard for a few da|U 

ilr, Ertiesi llarfild Baynes* of Merideii^ 5?, IL. is one of the most 
etud'getic and faithful bunders ut present engaged in the not- 

witlistunding liLs iitany other activities. He tells of a flock of 125 
white-winged orossbilk that fed near his home lastt wiater. The 
birdfH were so tnpie tltat Mr. Bsynea had but to sitiop and pick 
lip when he wklied to place baiick pu their legs^ Members of the 
.^lerideji Bird 0ub have put up many nesting lioxes for chickadees^ 
Miie1iiird«», el 0^5 and numbers of theije small bink have been banded- 
Indoed^ it goes withutit saying that any bird that falls into the hands 
nf Mr. Baynes wears □ ring on its leg when released* 

Mr, Harrison F. T^ewk, of Yarmouth, Nova Scotia* b another vMto 
has accomplished much in the matter of banding the smaller bird& 
Mr* L<?wls told me that w’heii the school children H'ving In the eoun-^ 
Vty nenr him heard of !iis hunding w-^ork I hey all set out to find birds' 
nesbf and report them to him. Thus a double end was accomplished— 
Mr. Low’is waa enabled to hand tlozem? of birds without J^pending 
nnicii of his own ralnahle time in looking for nests, andj be^ nil, 
ihe children of ihc countryside suddenly took a rousing interest in 
bird lifiv alUioiigh periliip£» unwittingly* What these children were 
really keen about was to watch the placing of the tiny ahiminum 
Imntk on tJie birds' legs* but to locate the young birds the nei^ts had 
to !» found and in order to find the nests it was necessary to follow 
the moTOmentfl nod watch the habits of the old birds. It is oftert 
difHcuk to induce children eiuipty to ohserre things if they thmk you 
arc trying to make tliem acquire some knowledge by doing so, but here 
wtiH u new idea, a material end to be accompHshed—something to do* 
Tlu^re is no reason why the work of banding birtls should not work 
u similar miracle among adults—-it adds a vigorous interest to bird 
study I arouses latent interest; or even preserves interest when it 
tends to wane. 

These few cases of the admties of field agents ai*e cited as eicam- 
pl^ of what hundreds of ornithologists should be doing throughout 
the continent of North ^Imerica. Bird banding is not the work of a 
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limited eitele but the duty uf luanyt and it is oidj by extensive 
buiding til At mtilts of v»lue ran be obtained. Eealizin^ these fact^ 
it been ibougbi t>est to welcome the cooperutioo of nU competent 
bird lovers, regardless of the matter of contributions or annual duesi- 
Anyone deemed pi-operly qualified by tlie committee may apply for 
bands and will receive them. On the other hand it is hoped that 
there ore enougii people who sufficiently appreciate the value of the 
work to sustain the nreeasory finonciol burden. 

A year ago nmnj- persons declined to support the work of bird 
banding on the grounds that not sufficient results had been obtained 
to establish itu practi^ihililr* The foUowirag return records of 
binder! birds^ received within the pa^t 12 montb^h should rob tiris 
44>joction of its foundations 

On iJiine T, 1911, an adult chimney swift fluttered down a chiraney 
into the study of Mr* Emest Hamid Bajmes in Meriden^ X* and 
was promptly banded ancl released. The baud was of the old style 
and bore the number 6320^ At 8 o^eloek p. m. on June 15. 1912, two 
chimney swifts flew from the chimney into the same room of Mr* 
Baynes^ house where the bird had been caught a year and eight days 
Twfori?. And lo! when these bird.^ were taken in hand and examined 
one 4jf them proved to be 6fl20. Eeimirkable ns it may serin* this 
diminutive creature, less than 6 inches in length* bad traveled hint* 
drejfe of miles to Central America or chiewliero in the Trapica 
where ho spent the winter and then made the long return Journey at 
the approach of summer and found again the chimney of his choice 
in a village of far-off New Uaiupfihlre. And ihrougliout bia joiirney- 
ings the link aluminum ring had traveled with him and had pm- 
d*iccd not the least effect on the bird-s leg. 

Two French Canadiatts w^cre gunning along si small nver near the 
hamlet of Wljitebread in soiithwcsteni Ontario, Canada^ on August 
5, 1912. Blackbird^ their intended booty, were not numerous and 
the men were about to return to camp when one suddenly touched 
the otlier on the arm and said You can not hit hiniJ” In answer 
to thi^ eballenge the second gunner wheeled quickly about and toc^k 
a difficult chance diot at a fast disappearing mmmori tern. There 
were many terns Hying up and down the stream, hovering in the 
air and plunging for minnows, and it seems s^trimge that the one shot 
should have home a Ijaiid on \m kg. The finding of that band 
resulted in the following letter: 

DEAft nuE-Xtss^ Aa I hflt'e neier »ea before, bat I ftm wrlUng a few 
llaeiF n> tell you aboiil a itag or ploce of tin I found on a eca foil op aeu bitU. 
Ttiere ]B lUoiiaiiuda of then] tiere. but I will not try U again, la exanilnlDR 
me blrJ 1 fgnad oa tbe Icfi '* Xotify ilio Aut op Ark 43®0 New Torlt" So 
1 atn dolux » to let you know liaw far tbla bird traveled. WeM. I wilt cIobc. 
Plenae write back nud let me know If joa aot this Kribbllug. 

From 


Avocai: fj. JU12 


hm Jjp Wftifp&reffdj Owl. 
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Oa ttfeinng to ^o* 45^)0 iimong the original banding records 
It was foiuid that the bird in question lifid been tnarbed when about 
2 weeks old at St Clair Flats CnnaL Mich., on August 13^ 1909, 
by Mr, S_ A. Oos^rtia. By cornfspondiag with Mr. SaJols it was 
learned tlrar the terns were apparently not nesting at Wliitebread, 
Ontario, and it is not unlikely that the birds eeen there bad bred * 
at St. Clair Flats and were indulging in a little roving after llte 
nesting season. However this may be-, the fact remains that the dead 
tern had worn the ahiminum enklet for three years minus eight 
days; had likely made three round triiia to the Gulf of Mexico or 
some other place in the Tropics to spend the winter each year since 
1009; and waj^ shot but a comparatively short distance from the 
spot where he waa hatched. 

A farmer by the name of August ScbilUng, of Evatisrille, III, was 
walking across hk delds oti April 1, 191^, when he frigbtenei! a 
butcher bird from a fence post^ where it had been feeding on what 
proved to be n bhiebird- On picking up the vic'iim and scru tin lining 
it Mr, Schilling TVii 4 j astoniahed to discover that the bird wore a ring 
on ita right kg. and that the ring borr an inscriptiotu He wrote a 
Tetter to Tlie Auk, New York^ giving the number of the bond^ and 
akked for infonnatioiit saying: 

FloiiAe Jei me know tUe iwiml wji& put on. Tlw^i-p are lolM ef iwopfe 

wiJuM lUte to knem. ^ 

This particular blueblnJ was one of a brood bandinl by Dr. R. il. 
Strung, of the Tniversity of Chicago, at West Allis, on July 
5, 1909. The band had been carricil for two years and nine manth^ 
and had apparently caused no inconvcnient?e. It is probable that 
this bluebird huid made two complete migrations to the south, and 
was nboTit to complete the last lap of a third when he was so unfor- 
tuimte as to cross the path of L<miu^ iorealis. 

The letters sent in by jjersous who have come Into po^saion of 
banded birds are often intensely inte reciting, containing informal ion 
regarding the conditions under which the bird was secured Uiat 
makes a story of unique character when one goes to the ^ling cftbinct. 
picks out the banding record^ and puts the two halves of the mk 
together. The following is a gootl example: The owner of a rice 
plaTUation on the Lower Cambahee River, Cnllelon County. S. C., 
sent id word that on N^ovember 2, 1913. his "^blrd minder^ (a man 
s4.ationed with a gun in the ^^rico yard for the purpose of keeping 
bmb away from tbe grain) had shot a number of red-winged black- 
hirds and was preparing them for a potpic when he esmo upon one 
wearing a small metal baud on its leg. IVhat could be more fraught 
with mtei^-t? Tbe man had^ of ccmrsCt given the number of the 
band, and we at once picked out the card bearing the record of baud'^ 
ing^ and supplied the other end of the story* VVe found tliat the biitl 
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was banded as a Sedglmg by JEr. Harry S. Hathaway at Quonochou- 
taugj CharlcstowQ, R. I*j on Jum S, 1915- On being notiSed of the 
return ”Mn Hathaway wirote: 

1 mil rameiDbai- tills Foatip ml wlaic. 1 wfis wadlna tbma^ s pat-tall 
?waiiip^ looking far H>dwinKf^* wbaa E spl«l him cllngtop' to a rat-tflU 

about 2 frcai tbe water. I niiiilt* a i^fiiEk stud biul him la my band and a 
band on In a Jiffy. A tosa In the nlir+ and ha awkwnrdly dew scm^ 20 foeb and 
anp^eoilcd la gmsplng iin iiiulKht <-al4a11p and pliinp there while 1 went an. 

MTio would have supposed that Uie young redwing, reared in a 
Rhode Island cut-tail swamp in JunCn would end bis career in a pot- 
pie in South Carolina five montlis later! 

-lUmost every record tha: has come in Is charaeteriEed by €onoe dk- 
tingLiishin^j fejiLure and would furnish reading matter as interesting 
the several returns citetl above. I^ck of space, however^ prevents 
the publication of these cmbellislimentiH although the reader may 
gather much from Hie handing and return records in their condensed 
form at the end of I Ills pnpen The percentage of retumst contiiuT 
to tJie predictions of some, has imketl been Gneonraging- and tlie 
point that, fdiould lie eniph^sked in conneotiou w ith thcKe is that they 
have not in u aingle instance been due to the handicapping of the 
biAls by the l)ands. TIiU is proved, firmly, by the fact thai the 
hands have been carriecl by the birds for such long periods; serondly, 
hrj^mn. of the very conditions attending the taking of each hird r 
and thirdly, by the fact that th& presence of the band on the bird^a 
leg was not in a single detected until the bird was taken in the 
hond and examined, and therefore could not pCKiiSibly have prompted 
anyone to kill the bird for the purpoi^ of recovering the band and 
satisfy mg his own curiosity. This sort of thing, by the wavt is nod 
should be strongly dcnpuncecl and discouraged. It Is rather the 
interest in watching for handed birds and even photographing them 
that should be encouraged. 

It would not be wise to spring at eondimions with regard to the 
^gniBcance and meaning of the return recorils that ivave thna far 
been secured. The fact rhat Baynes^a chimney ttwift returned to 
its old stand after an iiliseuce of nearly a year in tiic Tropical U sig¬ 
nificant in itself; but before stating ihski^ barring accident, ciilniney 
swifts invariably return year after year to the same chimney it 
would b& advissble* not to say necc^ry. to obtain a dozen or even 
a hundred similar recorcte as cotroborative evidence. 

Beyond u doubt the greatest progre^ss in the work of banding birds 
in America hjm been made during ihe year juat past, but the puce 
established in tlmt time must be not only maintained, but greatly 
increased. Our inierest and enthusia-Em miLst not decline for a mo 
II lent; the work and a inis of the .Imeriiraii Bird Banding Ass^xnation 
mast receive the most ^ealotis support that ^\juerican ornilbobgkts 
are capable of imparting. 
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fWtPnfti, 

<l) The rvturafi Jij ihlm dlvMao nre from tb^ lot of boiido lAimsi by 
Dr. CoJe In im 


72SfT. Hfuino OtJU- £arw^ arffsitlaiu*. 

BAtidoil at Fn^In Poq^ HnlulltoD 
County, X. Th+ by FfnbL'lB HarperH 
Jtmi? 21, lam 
Down^v yoimj;, 

4500, COMMON TtENr AiruNfto. 

Eanilod gl Saint Clair Fktii CRttal* 
Midi., bj S, A, CourtiPk 
August 33. 1809. 

Aboni two woeka old. “Ob tiftre 
■nDdy Ittlnatl left dmlglnc of 
oew aumlfl. Blnli froiia oNr to 
four wodca of a«e foond there**— 
8. A- C. 


ReeaverM at Bamngat Inlet, N. 

liy WllliaiB H- Lewis, 
f^piomber n, lau. 

Found «])m but nppRteatlf sick, on 
tho diore- 


ReeoTGFBd at WbJtehreail, Ontarfo, 
CBnnda by Leo Saldn 
Augnat 5 , 191 ^ 

ffboL BLrds did not m^eni to bo 
breeding hero und probably waii' 
tiered over from Saint Clfttr FTntit 
after the breeding aeuML 


rtOaa, Srorrm t^.^miPinaL Arr^rt* marvrorrn. 


Bandetl at Honje ii. (Four Brm. 
lalda.). Lake dmmplnlii, X, by 
Fnincift nanxY. 

JtUy 7, 1919. 

Downy yoong on Jnly a 

and Inly 9, namlned and fonnit to 
be In gowT condltlcin**—F, H, 


fteeororod ut Snuantninp Mnfti., bj 
Hoyden Crocker, 

September 9, 1910, 

Shot atnonff a floelt af atnaLler aniid^ 
pipen on n mudbank in a «lt 
mar^b. Did not notlre hand on leg 
tMtn I wna ilre^sJng blnL**—H, CL 


QG^i. ^oaririsN Ftintuz. CoJapiCft ovrofuj lutnu, 


Banded at Logon Pnrk Cemetery^ 
Stuns City, Ja*. by Prof, T, a 
Stephens. 

June tin 1910‘ 

Male nestling, one of a brooil af 

PPTWl. 

032d„ CujMBinf Swtrr. CAirtirm prh{^. 

Biindnl nr MerldeiiH SnlUran C9„ 

X, IL, by EnieHt Hamid Bnytim. 
June L 11^11, 

All lilt: ** Ttila hind, and ttnot Jjer eame 
down ih^ ehlmney and Into my 
Bttidy at A p, It vfnn almcist 
ilark irheii we Liberated ibem."— 
E.ILP, 


Been^ered at Bayard, Eima., by L 
Decker. 

XoTcmber 30, l9ia 

Odpturprl in a bajii; Injnred !n cap¬ 
turing nnd afterwanls tnieC 
Baud WHJ not noticed until this 
bird wna dead. 

neeoi'Ored at 3ter1den^ SnlUmn Ca^ 
N. Hm by Emeat Harold Itnynea. 

June Id, 19121 

Cnuj^t in a “Tti« leg to 

wbleb tbp bend was attached ap- 
Ptf^nred pomml In ove^' wiiy.”— 
HIT, R 


Rzii-wi?coiii BnscEfiLiin. Anrlaitit pA^nicen# pAmtoenr, 


BamlM at Benrjrii, Cb«i«. Co., 
Pa-, hr Leo&nnl a Pm«(kl 
Juat Ok iMe. 

FledgJlnjt; “hnit jiw( left at*,-_ 

L. g. p. 


Recovn^red at Lanadowne, Belnwam 
Ob., Pn., by H. 1* Henry* 
September 1, 1909. 

Shot. 
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583SL Fmja S^AXtoW- Spitiflla putd/o. 


Bailed mt Slou* Cltj^ Tft,. Pwif 
T. O. St^plteoa 
Jtine 11, mm. 

F1<?dgJ(DJ^ 


Recovered SlOni Cltj* In^ bj A. 

Klrhe^Afd 
Mflj 23, mi. 

Xo InformiLtloi) an to bow Jt wm 
o^tulned. 


WK 9 t£fl^ HdTyigE WiEn. Trax^rod^fcn purkmanl, 

Baodod at ^liwaukeo, Qie., by WU- Rocovereit pt Woodbunu by 

ilAin L- Flaler- ffoo of J. < 3 , MartEoff. 

Idly 31 , 190 &. Jcno 20 , 101 ^ 

Xestdtkg. Found Id WPtdrfn^ tunJt. Wooilbtiru 

1a About 30 mneis foutb of 
wankee 


2M, Rdbi.-t. Pbnieff^cttn mlirmlonruLr in4i?rdlorfwa. 


Banded at B. L (Ordiard 

of J^rt^lttltnl CoLlege) by Leon 
J. Cote and Wm. F. KlrkFiitrkrk- 
Au^ 4, mm. 

Hnlf-Seili^'d bind Citnn “oeet about 
10 ft up In an applo tree.”— 
L. J. C. 


1212. |Lq(RL 7[. Ptoaad^fnu ipf^lonfila 

Bunded at Ban^ri Me.^ by Om WSL 
lie KnJgbt 

Jn^ H, mo. 

^ young bird found on giounil barely 
able to lly, Banded and re- 
l!=ftifcd.^—O. \V. K. 


Eecavefed at Kingifton, It I. <Poili- 
tiy plant of AgrlcnUninl College) 
by Wm. F. KJrhEmttick. 

April 0, im 

**PTeaent?e of batMi wag imluioieiti 
UbtLI bird wpd In tbo band. Speci¬ 
men HLkeo to aid Lq patbolo^cal 
WD rb at etittfun. Band bud catued 
no nbffiuloD or other tnlnry to 
foot^—U J. G 

tnlpmlorltu. 

Recovered at Nashville, Teoti^ by 
1. Q, Jeoklna. 

FebniiLry 31+ 30IL 

“ Captarod.” 


237ft Boaisr. P/ofter^lOua M^pratoriej pulemlOrfiuL 


Banded at W-eetbrook, Cumberland 
C<tt Me,, by Artbnr H. XortacL 
July 21. 1000. 

Nestling. 


1271^ Bobuc. PfcHbevJIfm^ ipl^ratortef 

Banded at Portland. Me,, by Om 
Win Is Knlgbt, 

July 29. 

Piecing. Sutt out of tbe oesL 


Recovered at Westbrook. Caniber- 
land On., Ma, by Artbnr H. Xof- 
tom 

Jnly 2T, im. 

Killed by a eat at nighty bird left 
Ibo Best July 2 T* 

Beeovered nt PortlaDd+ Me., by CbaiL 
E. Fm. 

August S, 1012. 

Killed by e cat on a Ini™ **two 
and a balf blocks nortli of spot 
where bird was banded.”—O. W. K. 
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20 ia BLinoitni. Sinlbt aialU tioltt. 


Blinded nt WM AUts. Win,, bf Dr, 

Jair im 

x«9tlliiit; ''AM df n bmod uf 

ii. a. 

030 ^ Bluibiiuil Sialia tidUt 

fiand^tl Mdrl4dii, avlUveLn Co., 

X. JL. by ErDt-Bt Humid Ba^TJes. 

JdH* 3 . 10 X 1 , 

About two fn^iui otd; **oiie af a 
family of flva Id aQ UDjinloted 
wooden box, on tbd coraefr of im 
old ubed.^—EL H. B, 


Heco'tWfc] at EmpavLM«» Hackdoliih 
Oft, flL. by Animxt acfaJilUl^ 

April L IBli 

El 11^ by d Nortlidni Sbride, 
borodlid. 


at BerUm Hd-. by son of 
a mllltkaiid Ick tbe onaplo? of 
Cbdrleft W, Titttfle, 

Jnntinry 20 ^ 101 ^ 

3hot wttJi otbere of m llo<Uc 

of Blueblrvfjt 


(b) Tbe Mlowtng Imt^ from tM ttw lot bands Lanticd In tlw 

atwluj? of ini2. 

50CH, Geut BtA^JC'ttiOMxn Gmx. IfUrita maHnu*. 


Bntidcd nt I^ke Geor^. ^dmtontli 
Cm, R by Hoinirt H. Cleatftiw 
JaJj 23, ll>12- 
Flrdfilina. 


ReeoTBred at MatIJtaUn. Dl#jy Cou 
X* S.. by Fmnis S, 

Deoimiber XS^ IfltS, 

Cdii^t allviL Btnl flconied boll 
lum, dna probably to soma oll- 
tMnt Build BioT^d eftsHy op^ and 
down tbe tannui,*^—F. D- 


SS630, Gw^ilT BuiCK-iLiCEXD Guix. Lantt ingrfiiu^. 


Bandiod ot Lake Yamionth 

Oft, R B-t by Hawnid H* OTeari:** 

Joly 301Z 

Fled^libirt few of tbew blidji 
(abdot three dowso a'ere baMod) 
wen? ftwo later ft™ my bltad* 
Tbey paJd do uttfxitloii to th«t 
banda^—S, B. O. 

3^32. Gbeat BLAon-BAOVED Qm^ Laru* 

Bandid at Ljtke Geonse, Yorroflatb 
Ooi, N. a,, by Howard H, Cl#ar4?a. 

Joly 2Tp 1012 

I'ledslln^ 

TllEfc Pirmo PtAvzn. mtitoda. 

Bandi^l at Katnma, Bfnrtbn^a TIdo- 
yardr UaiA^ by Howard H. 
dearer 

July a, 1012 

Three tbiys old, one of a family ijf 
three. 


Recovered; at Cape Xe^ro la^ Sbel' 
bume Cta., N. SL, by Ashley ^mLtb. 
Oetoher 4, 1012 

Rbot by Mr» Bmltb when ^uimJne^ 


MoriAaa^ 

Hecorered at Brcmfi Xeck^ Cumber- 
bmd Co,, Mfc. by G, CbfftjTd Libby. 
December 1012 
Fnujid dmd oo the beadi. 


Eecoverod at south ahore of atar- 
tha'a Vineyard, Haas, 

Aoipist 2 1012 
fifhot by a lioy. 


l4trtAr1. I 411L—ClMVfli. f^LfcTE li 




BANfUhia Bi.a(^k-Backeo ^lills in The Ln-ufi Ggorqe fisjoy* Scotia) CoLoity, 
YoUNO Black-BjICnco gull with Banu qh Foot, 







P%-kTE 2 . 


SniUtiKHlEu 




n Youm MounmNA E>dves, Band^o at Staten ksuthOp N. Y. 

2, CH^hiHEY Swift, Banded at MfiRiOtN^ H. H. 

3. BfKH Owl. Banded at Stateh IS4J^nd, N. Y. 
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12. lUiMrtirotz) Bulckmiio. AgrXuittM phtmiemt ifhmioniML 


Biuitl^ At Qn^oehtHiitiifi^, CimrU®- 
tawo, R. I.p Hurry 9 . HaUmway, 

Joniz 6i 1^12. 

Fledgling; **cai]glil witli tiii^ tumil® 
AQil wIjvd rel«iKed anghted oa n 
cat a. H 


R^cotwtd at Crew Piooti Oollctoti 
Oskt ^ l>j HiDEOHec GrojiL 

Xoversiber 2, 1012. 

Shot by d *'tiM mliider/' 
tmiiH bk^kblrd knoim d® (be 
iTfliiScTd bluirkbiidr In tbe fflIL 
i|estrnctli-ir!> to IX J. Clmp- 

lln, owner of pIintntlofL 


dS6L Pli«^ JSajrornCt phabe. 

JBgndfiil^dr Mcrldoiu SnlUTim Col. 

N. H., bj Enkc«t HnroM Bajnes. 
Jaw? 0, 1I1I2. 

Adnll. best In old bunA! la CortiLa 
ParlL 


tlccOTPKd nC MerlOon, R IL, by 
STrs. Eme^t Hamid Bujocfl, 

Jtily 14 , 11112 . 

Fonod dadd benedtli best; ^ could 
n4«lgtt m mme for dcotlL M 
far di I cattld see the proflencs 
of Uie band bod bud ootldns to 
do with the tase, The biid had 


laid ana of (lie second set.*'— 


E. n. B. 


Er^anallon of 
Plate X 

Fia. Bondlog yono^ block-baeked inills (Loriu manTNu) In the Lake 
Georgep Non Scotin, Colauj, July 25,1012. PhatoRraph by Q. K. XoblbL 

Fnr 2 . Banded yoiiof black'beLeked snU. l^ake George^ Nova Scotia, 1012 . 

PMtlKi 

Fid. I, Two young tnonming doves {Zemldam maemum banded 

iit Staten labrnd, N. Y. City, May^ 1012- flajae bird# or others shot for food are 
most likely |o produce r^um lecordaL 

Fro. 2 . drlmoey swift (CA/rtwa prio^tea) banded at M^den, N. IL, In Jutiev 
1011 , and returned, after wintering (n tbe tropics^ to bis old ohTmDey In New 
Rampablre^ inae, 1012 . Pbotogmpb bj Ernest Harold Buyoesi 

Fdo^ S. Old barti owl {4liico and her ltv% yoting bai^Kl at Statai 

Island. N. Y. City, June. 1D12- Only one pnlr of these birds Is knawn to beot 
oacb year on the Island, and banding la likely to ca^ light on the problem of 
diarerul of the yomig. 



THE ^\TIALE FISHERIES OF THE WORLD.* 


By ClTARtXB fUbOT. 


imth 

After p loDg period of decfldeocc the whaio fishery has ag^in 
eitperieDced a ^nsidernblfi revival. In all parts of the world, at 
the present time, this interesting industry is being actively carried 
on, and, according to the Norwegian Fisheries Gazette (.V(?re/!; 
Fitiertiidendr), not less than SO,000 cetneenns are captured every 
year, so that the disappearance of these gmt marine mammaLn in 
ihe near future seems certain. 

Never very abandant, die right whales, that Is the Arctic right 
whale, or Greenland whale, and the North Atlantic right whale, or 
aordcaper, of wluch the oil served to light the way of our imcestors 
of the seventeenth and eighteenth centuries, and of which the whale- 
hone was used to shape the figures of our great-great-gram liMothera, 
hare became very rare. In our time the Gtrealant! whale is not regu¬ 
larly hunted except in Davis and Lancaster Straits, in HiEilson Bav. 
and on the northwest coast of North jVmerita- nbont Point. Barrow, 
Even in those places it is no longer abundant. In ID 10 the vesieb 
from Diindee, which alone visited Davis Strait, took onlv IT whaJes, 
in 1608 and in 1009 about 16, so that in spite of the high prices paid 
for the whalebone of this species, sometimes as much as $8,000 a 
ton* the Scotch whalers were frequently obligcfl to abandon their 
ejiterprifie. 

On tlie northwest coast of America the Greenland whales appear 
more numerous. Xo statistics of the dsliery in this region are tivail- 
ablc, but the data now at hand indicate that the results in 1900 and 
1910 were exceUent. In 1910, one vessel haipooned 16 of these huge 
cetaceans in this iDcalitT, and n second reported a cargo of whale^ 
bone worth $130,000. 

The second species of right whale, the Koith Atlantic right whale 
or Biscay whale, is at present scarcely more nbondant than the Green¬ 
land whale. It was, indeed, believed to l>e extinct, when one was 
harpooned near Iceland in 18SS, and another the follow ing year, five 

'Trwwiattj bf at tli« antbor, from L* Xntun*. rurii, s«pt. ii, loia, 

an 1013-31 
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ill IWO^ ftiid sevm in iSOL Since then some oi these whales Iittve 
been captured from tinto to time in the Xorth Atlantic:, Furtlier- 
more, in later years a certain number of right wholes of other species, 
negartliiig which no statistics hove been publi^edt have beeti taken 
In the Sou til Seas. 

Tn contrast with (Jie foregoing, (tnboi'k?; and hiimphacka nboumU 
in all scaSj such as the blue whale {Bal*T^fi<ypUm sibbaUii}j the 
rorqual (5* L.)j the Pollack whale {B* the com¬ 
mon humpback {Mcfiapf^ra and njany other less well- 

known species, The.se tietaiit^ans at present relentlessly pur- 

ime<] for commerdal purposes. The finbacks present this special 
differenoo from the right whales, that they have only short whale- 
bone^ and consequently loss value. By way of compeasation^ all the 
other parts furnish renninerative producta^ The fat of these mam¬ 
mals yields a good 
quantity of oil, and 
the iTsidne of the dis¬ 
tillation, togetlier w Jth 
the llesli, eerv^e for 
the mannfacturo of a 
" gnano ” when the 
carco^ise^ arc reduced 
to II powder. FkiaUy, 
the meiit H uj:^ for 
food. 

This finback whale 
lisheiT began 47 years 
ago on tJm northern 
ennst of Scandimitvia, 
and was due to the 
ing^^nnity iif the i,'vleljrated Xorw egtan ivailnr, Svend Foyn, To the 
inventive spirit of this iniiii am due tlie defrtructive iimrhinpa now' in 
Use, which are boats of 100 to tons, very speedy and carryd^l^ 
the Ihjw u gnij iliat throws a harpoon to w^hich n line is Eitiached; in a 
wonL the same system as that of the With this 

armament Svend Foyn in lS-tJ7 ca]>tured Uht first w'hiile* and in the 
flnrt year took 30, Leas than 15 yesirs aftenvards tlie forturwto in- 
veijior foimd himself of more than S^JWOjOOO, Eiicont'riged 

by thbi exum[de, companicf? wertt urganbjed to exploit this iSM>nrce of 
profit, to such an extent that in 18S7 there were no less than 35 wlutU 
ing vi^ls on the eemat of Finmark—that is, on t!ie portion of the 
Norwegian coast betw'cen tbimmerfest and the Russ^Un frontier* In 
good year?; they captured from 1,200 to 1,300 finbacks. Soon, liow- 
cither, the inhabitants of this region niado a rioknt ])rotest against 
this new indEistrVi which they as^serteil threatened to ruin th**m- 
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Plat^ 1 



Common FrwBACK Whale. 




North amebican Humpback Whale. 
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Every fipring' gitjiu schools of codfish arrive on this coast in pursitit 
of the on «bicl] tlwy feed and which approach the land to 

escape them. The cod ate very fond of these little lidi^ and the 
Gshermeu assert that the whales als^ pursue them, and that the 
capclan, in order to escape, seek refuge in the diallow waters along 
the coast, therehy bringing the codfish near to land. Tlie whales, 
* becoming loss jininerons on account of the destnicdve fwliery which 
is ^‘arried on for them, the capelan find themselves less actively pur¬ 
sued and remain olTdiote, along with the codfish, if we may credit 
the statement of the natives. Trs consequence, the cod fishery, which 
is the principal resource of Fintnurk, becomes more difikidt and more 
ptveariouSi The natives do not hesitate to impute the had results 
of miiny seasons during tlie last decade to the u'halere. Kescarcbes 
con<lu4.-te<l by the most conijietent zoologists, however, indicate that 
no relation of cause and effect exuts hcto'ccn the destruction of the 
whales ond tlie greator or less abundance c>f corlfish on the ^roast of 
Finmnrk. 'The fishemmn did nnt on tliat account abandon their 
fiLxotl tdon. and as a result of their violent ai^tation the JTorwegian 
Farlianietit prohibited whale fishing on the northern coast for a 
period of 10 years, begitming with 1904.* 

Wliile this discwif’ioit was going on tlic Norwegian whalers estab¬ 
lished themselves little by little on all the coasts frequented by the 
finbacks in Iceland, the Faroe Islands. NewfoundJ&nd, Japan, South 
Africa, and, finally, in the Antarctic. Evcrj'where this industry 
is carried on by the fishermen of Sande fjord and Tonsberg. the 
home of Svond Foyn. Companies are formed in America or in 
Africa by nieans of local capital, but it is to the men of .Sandefjord 
or Tonsberg that they confide the management of the enterpriso, 
and i t is from among them th at they recruit the i r personnel. Fin ally, 
when, os in Japan, native fisberios ore establiidied, it is still to the 
Norwegian shipyards that they turn for the construction and equip¬ 
ment of tlie whaling vessels. For this reason every year the Nor¬ 
wegian Fisheries Journal publishes interesting statistics of the whale 
fishery, hy the aid of which we are able to present a summary of tho 
results of this interesting industry in 1911 throng!iniit tlia world. 

Fn Europe there are but four places in which the fisliery is carried 
on: The cmist of the British Isles, the Faiw |aJand.s, Iceland, and 
Spitzbergeii. .Seven companies, eniydoying steamers,* operate on 
the coast of Great Britain, four at the SKetlands, one at the Heb¬ 
rides, and two on the west coast of Iretand. In 1911 tiiey cau^t 
<133 whales* (35a at the Shetlands, ilfi at tlie Hebrides, and 131 off 
Ireland), while in the preceding yeare the number taken rose to 

« nm prablbtiam. IMH r««r. wia pralanced. 

^SirtflUtRa ia toia. 

In 1»15 fhff irmi 
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73d or T4rp. Dunng tlie liui year (1911). the lutKluct of the Bisherie? 
dtd not exceed 3,355 tnetrir tnn$ of oil, conj^cquentty the amount per 
whale was not more tlinn ^00.5 tons; irhile tn 1910 tt was 221 tons 
41 nd in 1909. 297,5 tons. This circumstance is not due to a decrease 
in the number of w^hnles, but to bid weather and to the inexperience 
of the gunners employed on severe I stcsmers. It is interesting to^ 
note that in the watera of Great Britain 17 Atlantic right whales 
were captured in 1910, 20 in 1907, and G in 190G, It w'oa o capture 
well worili while, as the whalebone of this species is worth from 
?5,000 to $10,000 a ton.* 

At the Faroe Islands there arc six companies wnth 15 steamers. 
In 1911 iheir iNHity "was only M4 finbacks and two sperm wHale?- 
In 1007 the number was double. This capture of spenn whales was 
a fortunate ciieumstance. In one of them two pieces of ambergris 
were found weighing 17.5 kilograms and valued «t $10,500. In 1910 
one Atlantic right whale was also captured in this iiegion,' 

In Iceland there are also six t^mpaiues, with about 25 steamers,* 
According to the statistics, which ate incomplete, only 350 were 
taken in 1911, U'lule in the preceding year double that number were 
obtained, and 813 in 1007. This ground, tlierefore, seems exhaustiKl 
or at least less rich than formerly. Several of die compjmies were 
dissolved and olhcia nbandotied this region to reestahlbsU themselves 
in the South Seas, where the results ore far more remunerativj^ 

Immediately after tin; prohibition of ivhniing on the northern 
const of Norway, several companies were established at Spibbergen. 
Tn 1907 there were six companies with 13 steamers, and a seventh at 
Bear Island with two boats. That year, on accoimt of the largo 
amount of ice in these tw'o localitief^ only 333 finbacks were token. 
Since that date most of the companies havo abandoned this arclu- 
petago and only two remain iri IsQord, one at Grean Harbor and the 
erfher at Safe Harbor. In 1010 they caught 165 whales and in 1011 
144 more, cute of which wos a Greenland whale. This veiy rare 
species was obtained off the uortbw'cst point of Spitzbergen,* in 80^ 
nortli latitude. In 1913 tlicre wa-’J n catch of 845 wlmlea in ihe North 
.\tlutitie and Arctic Oceans from the Englisli Cliannel to Spits¬ 
bergen. 

In Asia the principal center of the whale fishery is in Japanese 
Waters where it has been practiced from a vei"y early day. Twenty 
or twenty-five years ago. in consequence of the introductiou of tho 
new apparatus, thia industry ileveloped rapidly. It was at first in 
the hands of the Norwegian^ but little by little, owing to the boun¬ 
ties given by the Imperial Government, the Japanese superseded 

■ The Brt» a( trlultlMDe ItH alacc IcmcwL 

•In 19^ ihrvr wtr^ omlij two Ht Firof liinmli. 

•Ttw i^QinpanJM otpljr In ISIS. Tiuij comfidlDl^ ■« loirin! ib# nflsAK. 

♦Tbflrt* tft i}4 nuiN wbait dibHT m.% 



SfniNwHtiiii iBii.—Wibot Plate 2 



CMASiNa Whales near The Shetlanci rBLANos. 
I>Yichil |ilinlOMrH|4k l>if, ClkarcNiL 
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F^IG. 2.—RiTUHM to port after GhaS^, 
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them, though to king cnro to retain the more capable gunnofE. There 
are at present in Japan eeven natire companies irith 2B vessels. In 
1&09 the most important ol them, which utoue possessed ^ steamers, 
captured 60S whales. The preceding year, the Japanese harpooned 
764 whales. In 1911 one Hussiaii whiiler operated in the Hcinity of 
Saghalin aod Bering Strait, but the venture was Rcarcely proStable, 
' as but silt whales were taken. 

In Jforth America whales are pursuetl on the west coast of Green¬ 
land, St Kewfoundland and in the mouth of the St. Lawrence, and 
on the coast of British Columbia. Ldist year (1911) fmbneks were 
hunted for the 5rst time on the west coast of Greenland,^ hut the 
results were not very satisfactory, as only 24 wholes were taken. At 
Newfoundland 274 whales were harpooned in 1910, and in the ri- 
cinity of the island and in the mouth of the St. Lawrence the residts 
of the fishery were also mediocre. On the coast of Alaska, on the 
contrary, tlie number of whales taken in 1910 amounted, to IJIOO. 
In 1011, up to July 1, the catch of three steamers only was 247. In 
1912 two companies with five steamers were operating. The catch 
was 644 whales. 

Tn South .fkmerica, one station was established in 1911 and four 
in 1912 on the coast of Brazil, another at the Falkland Tshmds, and 
in 1913 two more stations were established there, one company 
taking 87 whales; while on the coast of Chile three companies 
operated in 1911 and ten in 191S. , 

Since 1D03 South Africa has become one of the most productive 
centers of the whale fisheries. South of 12° 30' south latitude not 
less than 12 stations Itave been estahlLslied. Five of these, with 10 
steamers, are located in Angola, at Bahia de Lob]to, at Fiephant 
Buy, at Moisamedca. ut Port Alexandria, and at Tiger Bay. On the 
coa.<^t of Cape Colony are two stations witli four vessels, one at 
Saldana Bay, and Uie oilier at Mn^r Bay; also in Natnh near 
Durban, three companies with nine steamers, and finally in Mo7.ani' 
bique Channel, two stations, with four boats at Jnhaiubane and at 
Angochc. 

In 1911, these L2 stations produced not less than 17,000 metric tons 
of oil. According to the Norwegian Fisheries Journal four com¬ 
panies alone captured 1,472, and it would not be excessive to e^itimate 
the number taken during the last season around South Africa nt 
2,000; there were 23 stations around that coast in 1912. 

The deetmcl.ion of whales in the .Antarctic has been much greater. 
In 1911 not less than 10,000 finbacks and humpbacks were Idlled in 
the Antarctic Seas around South America. It was following the 
uploration carriL<d on between 1901 and 1903 by Prof. Otto Nor- 
denakjold In the land rituated south of Capu Horn that the whalenj 
twk their way to the South Polar Seas, a proof, it may be said in 
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pA£8iii£. that these sdeQtUic entc^rpH=es often \md ta profitable 
economic n?8u]ts. In the com^ of this expedition I^rscQ* the 
captain of the Swedidi explorirng vesg?l^ an experienced ^Imler, 
observed the pmenre of numerous humpbneks aboitt Sooth Georgia, 
and in T>e™nU!i*, IfMH, he establipilied himsolf on the iriand tn hunt 
these whnies. The enterprise hiiving provetl a complete stieccss. 
otJiers follp-wed his example. In IDll six c.-ompani 0 s with IS bofste 
operateii on this island and all Aven* extremely siiccessfiiL An the 
Xorweghin Fisheries Journal points out, there is in this region n 
truly extraordinRiy Abundance of whales, and the iiitinhe.r of ceta- 
chiefly hntnpliacks„ taken at South Georgia during tlio last 
reason ia estimated at the crionnoiis nuiiil>er of 7,000^ Of ^TO whaler 
taken by one company 937 were hnmpbncks. 

The sulphurbottoma and eommon 6nbiieks are both very abundanf. 
but, becAUEc* tlsey are more comhatiTe and more difficult to kili* 
they are less disturbed. When the supply of humpbacks ditninishca 
their turn wil! romp. Evei-y year some right wholes are captured 
in this locality. DtirJog the son them summer of 1908“llXl9j 60 of 
them were taken* 

The 7;fl00 whales above mentioned produced 34.000 metric tone of 
nil, nr double the production for the whole world only four years 
preTJOualy, Thi?= enormous quantity would fill □ basin in which a 
whaler—that h to say. a steamer of from lOO to IKi tons—could 
maneuver. ^ 

On South Georgia, which was preAdDiisly uninhabited* actual in¬ 
dustrial villages have been e^itiibliahad* X church Inis been erccterL 
and there arc three atips for cutting up the wlmlcs. two guano fac¬ 
tories, resenoirs for the oil* and houaea for the staff. This Antarctic 
talatid has a floating popiiUition of many hundreds of sailors and 
workmen* A doctor resides thei^ iluring the Avhaling season and* 
^ce the British GoAxmment has efdiablished a post oJRcp fu 
this polar land* 

Farther to the souths in tlm region situated wcprt of Capp Honu 
and explored by Dr. Charcot with no much profit: to seience^ a new 
whaling ground not less rich lias Ijeen discovered. In 1907 the 
whalet^ who operated in die Strait of I^fagellau eoncelved the idea 
of pm=iiing forward to the South ShellanilB. Tbej^ aoon tiwk up the 
enterprlsi- and m a few weeks mnde 374 captures* including 73 right 
whales. Such auccea^ attracted much attention, and the fnllDwmg 
year four com panics sent their steamers to Deception Islarid* in the 
archipebg^j. They captured not less than 2*000 whales, ticcording 
to Dr. Charcot. Tn lOlO they obtained only 1,401 w^hales, chiefly 
hiuiipback$. In the meantime the wrhaling "had become very clifli- 
(uilt The w'haies hnd^ so to speabt completely deserted the waters 
of rfe^ption Island, where they Imd previously been so nbiindautt 
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and had witbdi^Tvn far tov^ard the i»utbwe^t into the Struit of 
Gerlache. The whalers fought to recoTrer them and had no cause to 
regret their labors. The strait literally boiled with whales^ so much 
SQ that in n single day a boat would cfiptiire mx or eight of them. 

Iti l&ll this industry received a new eJCteusion, I^ast vear the nuiq- 
ber of boats in this region incre<Lscd to 22, belonging to eight dilfer- 
ent companies. In this season as in the preceding one the Strait of 
Gertache was the principal center of operations and Port Locliroy 
tlic anchorage discovered by Charcot. Tn IViencke Mund wna the 
general rendezvous of the wJiakrs in this region. The liyilrtigraphie 
i^iirvejs ejcecnted by the Frencli Antarctic expetlilion thus served the 
interests of commerce. 
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According to many accounts, tlie fitrail was full of wUules, to itse 
the picttires^quc expression of the Korwvgiart Fisheri*^ ffoumal, and 
every day they were killed without mercy, so that for quite a long 
period one oil works was being replenished constantly by new sup¬ 
plies and manufacturcil as much as GS*000 kilos of oil in a day. The 
result of the BOnson^s work was represented by 1C.M1 tons* of oil fur- 
ntshed by ZfiQO whales^ of which IT were right whales. 

In 1913 nine conipimiefs with 33 steamers wei-e e^iabliahed in the 
South Shetlandfl. They cauglit moi'e than 3,000 whales. 

To conclude the enumeration of the whaling ground wc will men¬ 
tion Kerguelen Inland. In 1908-0 a Norwegian company e^ablishe^l 
in this aifhipeJago captured 2-^9 wlmies;, among tlicm ono riglit 
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whalo, Tlie f^llowiiig muc^h less favorable, only S2 fin¬ 

backs having been takeo^ and in 1010-11 the total capturas did not 
exceed S7. Furthorm oreT do ring these two last years some of the 
ffteamers belonging to the South African compiinies ws^ni to Kor- 
gnelen IsIju^Ld- In 1910 one of these harpooned 41 whales. 

Approximafdy, then^ in lOll there were SjOOO whales takei^ in tho 
seas of EuTOpe and yorth America^ about ^^000 in South Africa, and 
lOjOflO in the nAntarctic^ niaking a total of Io,000 whales, but this 
estimate is much too amulK since neither Japan nor South America 
h incliidecl in the. cakuladon. For the la&t scaj^n, 1911. the produc¬ 
tion of oil is K^timatcd by the Norwegian Fiahenes Journal ot 102^000 
metric tons, or twice the production of IDIO. XererEhelea?, prices did 
not tiedine* Indeed, for a certain time they were verj' high^ vary¬ 
ing fit Christisnia from 59 ertitime^ to fil centimes per kilogram. 
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TJie pricre qf guano wasit also very iiniij and the whakboDG of the 
fmbflckfi was in much dcmflnd. That of tlie sulphurbottom Knd 
the common finback Taricd from l^flB francs, 75 centimes, to 1,767 
francs, 5D centimes, per ton, while the whalebone of the liumpbacsks 
did not briujj more than 883 francs, 75 cenLimes. On the contrary, 
the whalchone furnished by the right whole brought only from 
30,000 ^to 35,350 fnmes per ton, a very low price for this article, 
which is usiiaily so much In demojiil. 

The stability of prices ^ve a new impulse to the whaling industry. 
At the end of lOU, 15 importaiit new Norwegian companies were 
lortncd and, in addlUon, a much larger number of smaller compa- 
iii^ Four of them intended to operate on the coasts of South Africa, 
which would bring tlie number of those established in this region 
up to^^f two intended to locate in Alaska and eigiil in the seag of 
- ew ZeoJand and Austfaliu. Finally, one comiiuny proposed to 
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e&tabli^ itA&lf at the South Orkmy^ and the South Sandwich 
lEl[md& At South Gaor|da the British Goycmineiit autliorized the 
eatabH^bment of only one ww company^ organissed in England. 
Many years ago Great Britain took possession, not only of this 
iBland, but also of the South OrkneySj the Sandwich Islimds, the 
South Shetlands. and all that portion of the Antarctic continent 
situated south of America. We belie re that the Government of King 
George V proposed to condnue these annexations in the south polar 
repons, for which we may congratuiate ourselvea. Owing to the 
police and tlie taxes established bj the British Government, 

whaliug In the Antarctic Seas Is regulated to a certain degree, and 
the influx of too great a number of whalers Is arrested. 

In concluaioa, we may add that this industry does not I'cquire very 
large capital- The funds of the large Korwegian companii^ scarcely 
exceed one^and-a^half million francs, and when a rich whaling gi'ound 
happens to be found the profits become enormous. In two years a 
compau}^ with a capital of 910,000 francs instalted at South Georgia 
twice dirtributed a dividend of IM per cent, besides adding a portion 
of the profit to various reserve funds and increaisiEig the company's 
resonrees CO per cent^ 
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l^TttODCTCTlON. 

The early history of the human race, though merger! in the dark- 
nesa of ages^ is step by step being traced and reconstructed; and 
apparently the time is drawing near when science will be able to 
sjmouncej In the main at leasts the definite solution of the profound 
and involved problem of man^s oiigia} when, in other words, it will 
be in a position to show* however imperfectly, when, where, and 
hoTv man ascendetl from the lower orders* 

Actual research into the antiquity of mankind began considerably 
less than a century ago, and the more intensive mvestigations in this 
field cover hardly a generation. Such investigations have been 
fraught with many difiicultics and arc growing in complexity. They 
demand patient watchfulness, diligent lUid tong-extonded explora- 
tion^ and comtiderable expecise. The most careful attention must in 
cveiy case be given to geological and paleontological evidence. 
And, after all, the net results of a prolong^ quest may be no more 
than a few stone chips and implements, or perhaps a tooth, or a few 
badly cruflhed bon^ belonging to human antiquil^* But^ aa there 
are many hands at work, Invaluable materials are accumulating. 
Besides ^is every now and then the search is more richly rewarded, 
or some important specimen is discovered accidentally; and every 
neWf welbautheniicated addition to the remains of early man or his 
predecessors, more ptirticularly if it is a part of the skdeten, means 
a fresh, highly valuable document which throws supplementary light 
on the natural history of the human being. 

The explorations of recent years have been particularly fmitfuh 
They were of wide extent geographically and have brought to scienre 
stores of primitive archeological remaicifi, ^ that whole clitssea of 
ancient industries in ^ne could be determined; and they resulted 
in the recovery of example after example of welLauthcnticatod 
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imE:lent skeletal reniaim representiiig luea coeval with loDg-e^ainct 
animals, and with them dating far back into the Quatemiiry or Ice 
Epoch. 

The aggregate nf the precious skeletal materiiil hero reierrod to ia 
still far from lacing satisfactory from the standpoint of completeness^ 
but it is already suGieient to afford solid groundwork for Unpt)rt*tit 
Bcientific deductions as to man^a development; and happily explo¬ 
ration is going on with ever-increasing mtereat as well as precision- 
Hundreds of well-trained students are now watclung and searching 
for new acce^atons with which lo corroborate previous observationsj 
to fill in the gaps^ and to bring about a fuller understanding of the 
physical progress of matt in the cotjrec of the ages. 

Europe^ particularly in its more western and sou them portionsi 
bos thus far proved the richest in, ancient human remains, Africa, 
Asifij and those parts of Oceaniea which were formerly connected 
with the Asiatic continent have as yet been but little explored. The 
island of Java^ however, w hich is within the last-named r^ioDj has 
furnished an intensely interesting specimen bearing on man’s evo¬ 
lution and antiquity. *Vs to Amcricat the lesearches have thus far 
yielded nothing that could possibly be accepted as rapresentiug inan 
of geological antiquity.^ For the present, therefore, an account of 
the very ancient remains of man, with the exception of the Java 
specimen, mu^t be limited to early European forms* 

Such an account, in condensed form, is here presented- With tho 
view of preparing this Eumtiiafy the writer, during part of the spring 
and Slimmer of 1913 and under the auapices of the Smithsotiiflii Insti¬ 
tution, undertook a personal examination of all the more important 
skeletal remains relating to early man now prfST^n-'ed in the museums 
of Europe. The cultural remains ivere given only passing atteutiou, 
partly on account of tlieir great numbers and partly because they 
pertain to a collateral branch of science, probifitoric archeology, 
which is rapidly making llieni known to the world.' The sites of the 
more noteworthy discoveries were viaitod, however, whenever cir- 
cmuiitiinees permitted. 

In this communication there will bo described only tho very oldest 
of tlu> human ^skeletal remains so far recovered. Besides these, the 
European museums possess numerous human crama and bones be¬ 
longing to more reoent time and therefore not of such decided gen¬ 
eral interest ns the older forms, and also some whose reported age 
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is not genftmlly cegardtd as ivcU establisheti* ihose two classes of 
specimens can not well be considered in this paper for it would 
thereby bcmme unduly extended and possibly also involve contro' 


vensy. 

Tlie questions of the antiquity and origin of iinui arc natural sub¬ 
jects of the greatest interest both to the scientiiit and to the Isyman, 
for they touch tlie very foundations of human beliefs, elhic^ and 
organic progresa in the future. Their detailed solution, also, Ls at ill 
for from us- But it may now bo anfely postulated that man did not 
appear on onr planet aa an entirely new and distinct lifting uncon¬ 
nected with the rret of tesrcstriiil organic lifft? for be is anatomically 
as well as iibj-aiologically hut a liigbly spftcialined mammal that still 
curries numereua though now more or leas naeleai vestiges or re¬ 
minders of Tarioiis lower stages through which he passed. Keithcr Is 
there any good reason to regard him as the result of some freak of 
evolution, for hia progress in the organic scale awme thoroughly logi- 
cal and. judging from what has bften already leamftil m the subject, 
his ascent, though prebably not imifonniy acceleruted, was on the 
whole slow. We shall Bceuiingly «}mo nearest the truth If we look 
upon him as on the ultimate result of gradual modification in the up¬ 
ward continuity or differentiation of a highly important group of 
organic forms. He may be regarded os the topmost and dominating 
bough on an ancient monunalian tiiee whose mots intertwine, some¬ 
where in the earlier Tertiary, with those of other vertebrate forms. 
From t h'i* tree various branches have doubtless diverged at different 
levels and become related species, some of these still persisting, whUe 
others have been long extinct, The stem began, so far os discernible, 
witii leraurlike fonns, from which in the course of time sprang, 
though scarcely in the order in which they now appear to us, the 
more simple and then the more highly organised primates. Among 
the latter then arose, it would appear, slowly or more likely rathei* 
suddenly, one or perhaps several forms characterised by more than 
the average physical instability; snd the descendants of one or more 
of these ^ains, under the inHiience, in all probability, of ehnngiiig 
environment, more especially food and climate, with perhaps other 
agencies, Ijftgan more or less gradually to develop reduced teeth, 
larger brain, more erect posture, with increased facility of inter¬ 
communication ; and this differentiation apparently progressed until 
some strain of these changing beings reached that hazy dividing line 
below which was still the realm of the apes but above which com¬ 
menced that of the true predece 9 $on of man. 

The more immediate human precursora may be conceived of os 
forma which showed various individual advances anatomically, 
phymoiogically, and mentally toward man, as well ad many morpho¬ 
logical and other renunders of and reversions to tlie npe; but they 
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werff nrmbk to nfeT^eri wholly to the t&tterp ihx tine whole, tl^oy kept. 
prql>ahly irregularly, progressing toward mnnj mid when eventually 
a part of tliem variwl so far in the direction of the humiin being 
that a complete return even to their own former kind became im- 
pcKSslble^ then^ it may be oonceivi:;<|^ the earlie^st repirejjtntati^^ of 
man were eetabli$|]ed. These earliest men doubtless from the be¬ 
ginning lacked in uniformity; some strains of thern^ in nil likeli- 
hqodj lacked also in vitality or in sufficient adaptability to chiingtng 
conditions and have disappeared^ but others kept on modifying in 
the upward direction until in the course of long ngrs tliey reached 
the various somewhat unequally advanced t}'pcs of man nf the 
present day. 

Tiie above tteductions concerning mairs origin srceui to Ise justifiei 
from tho study of the material now at the diJtposaJ of the nntbropolo- 
gi^t, Tlie whole process of rnnn's^ rhie, viewed comprehensivelji 
appeal's as a most remarkablo^ multiple^ progressive, stistaiDed, p<»- 
fiihly more or less irregidarj and not yet finished differentiation, die 
exact and enduring causes of which are not well understood. The 
variotis actual species of primates lower than man may in a sense be 
viewed as by-products of his own evolution, partly perhaps as his 
distant touaiim, descendiuits from some of the old primato 
or as the retarded and aberrant rclativca, unable or not culle-i upon 
by their environment, to keep up with his program, and dowly mpdi* 
fying more or less soi generis. The old mnniv and polygenistic 
theories dLssohe, of course^ equally before these closer uasomptions, 

The final stages of the progression toward the bumau form, ac¬ 
cording to euch light on the subject as we now have, began toward 
the clo^ of tho Tertiary period. By the end of the Tertiary it eeems 
probable that there already firistetl some of the traiLsitionaJ forma, 
the predecessors of the human being, approaching present man in size 
of skull and bruin* in the character of the teeth, in stature, in the 
form of the pelvia* and in other particulars. It is even possible that 
beforfi tba dose of this pcrio<i tnon^s precursors began the use of 
articulate language, and thus pasacrl the somewhat more definite 
funciionul houtidary ^parating these forerunners from man. But 
tlie bulk of the Ufa history of the himiim lading projjcr belongs to the 
Quatemflrj' periot!, the period of repeaLC<1 udvancefi and retrogres- 
snons of gtadal climalo over the North Temperate Zone* The oldest 
known human reniiiizis hiiv« been found in depositfl aud with the 
bom,^ of extinct anluials of glacial or interglacial times* iVa wb 
go backward into that period we find that the human forma nnd 
in general also the products of himan ftctivitiea become more primi¬ 
tive. On the other hand, after tho last giaclnl recesrion, some eight 
thfmsand or more yeai^ ago, uinn was already phyrically much like 
lie is to-day. 
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The time that has elapsed since the new anthropoid, or rather 
sopcraathropciid beln^ progressing toward man developed the phy¬ 
sical characteristics that may be regarded as distinctivdy huirum, 
and acquired the faculty of speech, can not bo ot^mpnted in ycaron 
but t};e length of that period must have been many times greater 
than the doralion of our recent or Holocene epoch, tlie relatively 
lirief phase since the recession of the lost ice invasion** 

The OioEsr Weix-Autiiknticated SKEi*Erx\n HLaiAiNsor Man Sow 

Existtno- 


THE nrSECAIJTHEOPlia" 


Dabollk) 


In 1091-92 Dr. E. Dubois, then u surgeon in the Dutch Army^ 
while engaged in paleontological excavations along the Jeft bank of 
the Bengavan Kiver^ near Trinil, in the centra! part of the Island of 
Java, discovered several skeletal parts of a primate evidently higher 
in scale and nearer to man than any befor® Imown. 

The remains were thoroughly petrified and eompri^, in all, the 
vault of a skidL two molar tcclh, and a f^mur. 

The bones were not found simiiltaneotisly nor in the eame place. 
They by some distaneea apart, though at the same horizon and em¬ 
bedded in the same stratum of volcanic matrix- This stratum wa.^ 
rich in fossU remains of various organic forms and, in the locality 
where the excavations were carried on, about 1 meter below the 
dry-season water level, or 12 to 15 meters below the plain in which 
the river had out its bed. 

In September^ 1891, the escai'ations in the voleanic matrix jielded 
unexpectedly, among other fossils, u remarkable tooth, a molar, 
which WES determined ab having belonged to a large unknown pri^ 
mate- A month later the unique and most mteresting sknll cap 
was (iisi::*vercfL only 1 meter distant fretn the place where lay the 
tooth. It now became cettain that traces had come to light of a hith¬ 
erto unknown primate of large size, striding in many respite nearer 
to rnjin than any of Uic iictnal anthropoid apes. It was seemingly an 
intermediate form between the apes and man, and was ebaraeterized! 
by tlie name of ^ 

Then came the rainy season and work hud to be h-uii[>eoded« Ex¬ 
ploration WBS recommenced, however, as early as possible in 1892, 
and in August of that year the fem»ir was found about 15 meters 
(50 feet) from the lo<mlity where the other apiscimcns had been em- 
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bcdd^. l‘‘mftUyj m October of the same year, the second mol4tr was 
secured, at a di^atLCD of not more than 3 meters (13 feet) from tho 
original position of tlte i^hull cap, and in the direction of the resting 
place of the fomur^ 

The accompanying illustrations (pL* and text fig. 1) show the 
locality of the discoveiy and the approiiiDaie podtiooa of the speci- 

menf. 
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*\il four i^pecimeos wetre considerably nilnerRlized, being of choco- 
late-brown color, very hea\y, and harder than marble*’’ Xtimer- 
005 boa^ of tnainmals found in the same bed belonged to species 
now fillet or, flo far ae known^ not now lining in Java, and showed 
menization similar to that of the bones of the Pithecanthropoa 
The contours of t he teeth and t!ie femur were sharp^ indicating that 
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it h&9 not beoD Tvashed or rolled oboul to any great extent | but the 
skull cop showed the effects of erosion, prohobly caiised by acidulous 
water seeping through the deposits. 

All indicatiojvs and a detailed study of the specimens led Dubois 
to the oonclasions that: (1> The four skeletal pieces in question were 
cootcmpomneoits; (2) tliey were of the age of the stmtum in which 
found; {* *11) they belonged to otic skeletonj and (4) they represent a 
transitional fom of beings between the anthropoid apes and man, 
belonging to the direct line in the genealogy of the latter. 

The first piiblidied announcement of the diswvety by Dubois ap- 
peared iti 1804;’ to-day the subject po^esses already a relatively 
large literature of its own.* A special exi)edition of two years* dnrU' 
tion has also since worked on the site of the discovery,.* and the 


remsius arc regurdetl laiivetsally ns of the greatest scientific value; 
but tlie final word concerning their exact age and true biological 
position has not yet been pronounced. 

It should be ststed at once that there is no iwjm for doubt as to 
the place of discovery of the several bones and their geological or 
paleontological relations. The several pieces were found in situ, 
in tlie progress of scientific exploratioti, by a careful and competent 
observer. But the precise age of the stratum in which they lay, and 
their exact biological position among related forms, are not yet ab¬ 
solutely delimited. While Dubois and other scientific men regard 
the Pithecanthropus remains as all belonging to the same skeleton, 
as dating chronologically from the latest part of the Tertiary or the 
earliest phnse of the Quaternary period, and as representing a true 
intemiediaty form between the anthropoid ap« and man. others 
have expressed doubts as to wltethcr the four bones Ireinng to the 
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same form; or ih^y consider the nge of the remains^ thaugh no 
doobt early Qiiatemai^i to be thflu that estimated b)* Dnbois; 
and fumllv soDie incliiie to regard tlio treniains m thosie of early tmn 
mther than an intermediarj being- while istill others consider thiit 
they represent merely a superior estinct form of apeJ 

niiai.'iiji-noN or tiik sFrcmENn. 

\ •X text Hr, t!, > 

Ou acco^int of peciiLiur uircmnstanocs an attempt to rleficribe fir&t 
hand the important pieces under consideration meets w'lth serious 
difficulties. It ^ould surely seem proper and de^rable that speci- 
luons of such vuliie to selence sliould i>e fj'eely accessible to well- 
qualified investigators and that aceumte casts be imide available to 
scientific institutioDST particularly after SO years have elapsed since 
the discovery of the originala Regrettably, how everj all that has 
thus far been furnislied to the scientifie world h a ciuJt uf the s'tull 
capj tho cojiitncrcial replicas of whiclj yield nicu^umnents differtmt 
fmm those reported Lakeu of the originul. and several not tho roughly 
satisfactory iUiistmUons; no reproductions can be had of the femur 
oud tlic teclh^ and nut only the study but even a view of the origi- 
ualsj which are still in the care of their discoverer, are denied to oci- 
entific men, 0tider these anmuahiu^ conditions it is only po^ible 
to follow Dr. Dubob"^ old information.^ 

The skiill cap (pL 2) uicosiires in greatest length 18.5 (on cast 
lid) cm., in greatesl (parietal) breadth Id (on cast IZ.Z) cm.^ and 
at the minimum pf the frontal cxinstrietlnn 8.T cm.* It is doheho- 
rephalkp. its outline ns seen from above b oblonglj ovoid, narrowing 
L-onsiderably forward, and it la very low. It presents essccesivd}' 
pmridnt^zit thotigh not moissdve supraorbital arch and u verr sloping 
frrjiit. The frontal Iwme. in addition, diow's ejclemally and along its 
middle a well-ilefined ridge, running from a short distance above the 
glabella tow ord bregma, and a marked low protubenmee just forward 
□f the bregiuii. Tlie sagittal regioii is relatively fiat and smooth, and 
the occiput presents a dull transverse crest, coimectlug tia iu apes, 
though in much less pronounced manner, with the suprama^toid crest 
on ctLch aide- 
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Without goinjr into * detailed dificussion of th<^ 
it will wtfRtTto sav that in most respects the speomeii differs more 
Vll Sfrthc orlinury hiunan skiiU of to-cUy 

of early man, so far as Imo^, *nd approaches correapcmdmglj the 

crania of the anthropoid . mu,tth tiiii^ 

The temporal ridges, marking on .J‘ i b«t 

iinuer limit of the temporal muscles and fascia, are acll d^n I 
r«rrather distant (nijout 4 cm. on each aide) from median Ime. 
„s in faLle anthropoid*' and in man. This suggests that the emmnm 



^ x^AiTEiurt *» * mwJiaiTiijii or rtl wml M rml *»“COrt 

TKR ]umM>aia CAft« PwitlHuiiui Hepan ftr *»M 


mav be feminine. Th« whole remnant, in fart, promts rather ante 
dii^ forms, sack as would more readUy be expected m a famaie 
than in a male being at that stage nf evolution. 

TIjo walls of the skull are of only moderate thickn^ Its mtemnl 
capacity was originally belisv^. by Dubois to have been quite large, 
mSiely\bo‘ut l,So c. c., but eventually be reduced this estimate to 
900 c. c. or a Uttlc over. The capacity of an average eramtim of a 
white American would amount in tlm male to about 1,009, m the 
female to about 1,550 t c., while in the largest Unng anthropoid j 
apes it only raiialy attains or exweds 600 e, c. 
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The uBpres^ioii which e comprchcnfiiTe study ul the whole skull 
cap c*amc3 to the qleeri'er is, that it tepresenUi a hitherto unknown W 
primate fqnii, whidj. whatever it may cventualty be identified with jg it 
and whether or not man’ll direct ancestor, stands morphological I j** 
between man and tlie known anthropoid apes, fills an imiKirtant spacc> 
in tlie hitheiiu existing large void between the two, and constitutes ^ 

« precioua doeiunent for the nnluml history of nian. 

Dubois’s theoretical restoration of the whole cranium of the Htbc- 
conthropus, which in all probability comes fairly near to the reality, 
is shown in the foregoing illustration (fig. *3), 

The two teeth attributed to tho Pltheeanthropus are the second left 
and the third right upper luoiars. The latter is shown, in reduction, 
on plate 4. Ajccording to Dubois, they lioth present the same type, 
which, particularly In Uie development of the cusps, is markedly up«* 
tike; but Tomes' pronotitu-ee them not exactly like any known 
teeth, either human or simian.'’ tfudgdng from the models of these 
teeth which the writer saw at Raarlem, they are decidedly unlike 
any human molars, but approach thoae of the higher anthropoids. 

Both have bulky but rather low crowns, and stout, not too long. 
stron^y diverging roots, in size they exceed considerably the same 
tcetli in man, as will be seen from the comparisons given herewith? 
their relative dimensions (that is, the ratio of breadth to length) 
are, however, rather nearer the human form than that in motit of _ 

the large apes. , 

0/ f^wrMfwrtrilni? ntafar* «/ iqo«(rrtt tehttc inaa anit !*(> WWr-- 
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On the whole, it seems evident that the two teeth represent a higher 
primate form; in all probability they come from one individuat, 
and their morphological characteristics are such that they may well y« 
have belong^ to the aame species or even the same mdividual as the ‘ 
befon-deEcribed sknikap. Their size, as seen from a comparison 
with the tMth of larger existing anthropoid apes, is not iacompatible 
with the size of the skullcap, and that even if the latter belonged 
to a female individual. 


' mam] umumr, s*. tjaadoii, iwi, p, see. 
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jlSClKiST KRM.UN'S —lHiHtJCKA, 

The Trinil femur (pL 1). uccording to Dubois. Slanoutrier. nm\ 
others, bears a close resemblance to the humnn thigh Iwtie, both m 
eke and shape: ncverthelRiS iudging from the ilIu!,trat.ioQ it presents 
aJtio some important differences. Its length, +5,5 cm.. ts|iiats tlmt of n 
huniun femur from a mati IJO meters (5 fwt, T mthes) in stature, 
tmil of proportionate atrcngtli.* Xnti^ithsUnding thwic dmieiistonB, 
however, tlie relntivdv large mcIiiuiticHi of tlia boxiv from the vertical 
when sloofl lit) «ii ciHidylis, and the relatively nuMkrate-smed 
bead and lower aiticidar extremity, suggest that, as was the case 
with the skuUaip. the l)one may proceed from a female. 

The femur plainly Monged to a strong being maintaining erect or 
ncur-erect posture ^d mareliing mostly or entirely biped, as man. 

The principal differences nf the htme from a mtHicm human femur 
ismsiiit in its less-marked antero-posterwr curve, in a more evenly 
cylimlnoal shaft, in the more mesial i>osaliou of the smaller tro¬ 
chanter, in the intertrodmnteric line being less raised and hem» 
more simian in character, and in tlm i»pliteftl space which, as a rule 
concave from aide to side in present aum. is convex in the Trinil 
apecimcti. 

THE « EOAJlTHHOPUa DAWSONI." 


A somewhat problemalical as yet but deeply interesting find of 
ancient biunnn skeletal remains has recently come to light in Eng¬ 
land Hie specimen representing this discovery is an iinpcrfwt y 
creniom. with n part of the lower jaw and a canine ltK*th. It Is 
known os the Susses or Piltdown skull, or more Usihnieally aa the 
i:oitiUirof/uM iMitMnu uml its preservation is due to Mi*. Charles 
Dawson. It ia deposited in the British Museum of Xaturul History 
at Keimiiigton ami was first reported, with the cireiimstances of 
tlie tihil, on Decenilxsr 18, I3ia. before the London Geological 
.Society.* 

The history of this specimen, as given by Sir. Dawson, lUitstraten 
the Usefulness and need, especiallj* in the Old Itorld, of scientific 
supervision of exeavntitmti. Mr. DawsonVi statement is as follows;* 

Several yeans eita I wna WiiUOnj! along a fami roail i» Miolown Cein- 
iiMO. FlBtchliig (SuMex), wUea I nwdceO that tJw mnd lunl been JMcoilea wtili 
iwuH* pwollnr bifswn mniit not usual la tbe (lisirtes. On bisiulry 1 aBion^ 
InbeU to lean* that Hiry were d»K from a kTBvel tied on the farm, ntid sburay 


tThd ctoiUmtfRasv of t1n> shaft *l tnldfllfr [i ft fiiu or esaf-nnh Of th* t«astb Of lb« 
be6<-, whlcb i>rvt)ortK.o la efwa fSiWlrf in pirwat mnn! tht Ur^th at mkl^ I, iui. 
f{miu.roiis atW of Hm l»n»' »W Blv«i In tmtotV* " P|tb«alllhr,j(.e» 

A*, Baffltllt ItiiM , JL lU ^ ^ ^ « 

■ tlAWttll, OMrInfv A. gjfllth ^V'(»dsr»lill, mad fnllOT t^ralth^ On tbe dtPCTJfCTT ■ 
PbBlI mM iDHiniihKe in M ntm l»«Hnjc Rrtrtl «VFirfc>ibC tlw 
mt PkJt4o»^, nrrtlilPF JiFurn* Moc. lot Mlivli. ^ 

pp. I1T~H4.1 Sw BlMF JindddiB, A. C.. I^ttpnthrepBH nttw^pol lim. li. 

pfl. Pi ^3^; Biad yAcf^ur4|r. “iJ- humtlP^- TJii- AtEZiiffmn^ iXtw 

■mtlt tAoSut- AmibrutiolJaCiM, TuS. It. I013s PP 3JS*234rF. 

• L c* p. 117 Mq^ 
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nlterwaixia I Thllied tbt whcrie i,wci Iflbdrew were at wort flLgigln^ thQ 

4mf*i far namW j«[»lr9 to th* roafUs. As fhli isitaiTiitlon wflpt Hlionttj^l abooi 
four mil frit nottb of tb«> Unilt wfacre tlie occurreoci! of fllutK orprljloff tbe 
WeAldeo BtTfltfl U rotonlod I wrtA mucli InlenMtcd imd nintle a. dose ^xaiulnii- 
tldn ol Lbe bed, I n^rd tbe wortmeo If tber tiud fotmd Uni^ or oihor 
iiM?m A* Ltiej- did not ktpiwur to litiTo noticed dniUitni' of ibe sort i urded 
ihi-m to iutijtMniE timt tliey ml^bt UimL Vpon Ofte of m>* snlisiuquetit 

vUItA to iho one of cbe men laAtuJod to ino o oiooU portloo of on iniiimiaUx 
tJilck bimrnti pnrklal bene. I ImmedlnLeJF mnde n warcb. bdt conid Htul natb- 
Lod more nar Iiiid Ujd men uotleed onjtlitng elw, Tbe bed I# fldl «if tHbular 
jLj4^eees of IrouAtikne clo^ly resemblltij; tbJH piece of skoU In i>olor luid tliletneBs; 
omjf cdtbaujda I mdde tmny nul^eequent seitrebcs, I codid uai bcor of nnjr fur- 
rber Hud nor dliEow anj^tbltm-^o fnet, tbe he«l twenied to b& qnUe 
imfoBiliforouo. 

It wuh not uiMU wmo yenrH Inter^ la tke dutimux of Iftllp od a vi-flt to tbe 
ipoL, Umt t pichod aPp nmofi^ tbe raln-wa&bed beaps of tbn gratel pItt 

mnotber and larger plow holon^ti? to the frontal nepdon of the mme s^kolL In- 
dniUa^ a jiorUao of the left siitmitdltary ridge • * 

I took ibe tjono^ to Hr, A. gmidi Woodwaid nt tbe BrLtlab MOieuni i Natural 
lilsKirT) for coniparlRon and detennltmtloii. He was Immediately Impressed 
whh dm imjKimbe^^ of the lilsonvery^ nod we decided to employ laborp and to 
make a ^siematlc senreb amouif ibe hiwlT braiim mid iffayel nn aaon as the 
dmMtH liad abated^ for ibe gtatel pit Iw cnoro or less under water during dve 
or idi montM of tbe year. IVe noeordlagly gnvD up us murh time as we could 
spare since Ui^ sprlu^^ amJ eoiojikdely tiimiMi oirer otsd sifted wiifit 

•tioll mnCerlnl reiadiued; we olftei dui; up 4 ind sifted flucb poritoiia of tbe grnvet 
no bud been left umUifTttrbeii bj the workuicTi * ^ 

At PlEtdawn the gTS-Fcl bed oeenni benentb o fuw of rhe anrlkce” buU 

and tnrlea In thleknefta from 3 to 5 fad * * *. 

Portions of ihw bed are rather finely stratifledH ami tb« materials an* usualij 
cetmmted (ogetber by lifon oxlde^ so tiint. a pick in often needed to dbdodge 
portiona—wore efipednllj ai one portleubiT horizon near th# boae. It tn iu 
fbls In^ mcuilbned stmt dm rMt ntl tlm fossil Iwne^ aud teeth dbeovon^ in 
altii by na hftvo uocurred. The ntratum la easily lUHtJngiaSabik] in the npikonLled 
pboioip^ikb (ph 5) by being of tbe darkest nbade and Jnst abore tbe bedrock. 

The graTcl Is altnotctl on a wcll-dcHiied plateau of largo anaa • ^ ^ and 
U« about SO feet abore the Icrol of tliu malii Hfrenm of tbe On?^. 

Sifict’. tlic tk!|K>8itioii of tlie gravel fclie river ha& C4tt ibrough tke 
pJatean^ both with its main stream md priticipn] brapeli, to this 
extent 

ixonaldeHnic the amount of material excavutiid itnd sifted by tis, the speei- 
tflrCna dtscoven:^ were nuincHCully sniui] and lethal tied. 

Apparently ibc whole or irrenter portiuD of tliti bomaji akull bird beep abat- 
lotcd by the workmen^ who had thrown away ibu pteoea nnuollced. Of tbe^c 
we n-cOTcred from the ijpoli faeaiis as niauy fmetpoDts ms pos^le; In a 
voiijewhat deeper depressfun of tbe nudlstnfbed gravel I foond tbe right half 
iif a h nmnn mandlbi*-, ffo far ms I couhS ^ud 4 £e. irtlblLug myself by the poiLtSon 
of n tree 3 or ^ yards aismy, the nput was IdOQtUal with that upon which the 
men were at work when tho flrSft portJoa of the eranloiJS was fooml scTcntl 
ypam ago. Dr, liVocKlward ahso dug up a small portion of the occlpltiU boue 
of tho skull ffoiH withlo n yanl of the point where the jaw was discovered and 
It precisely the iame leveh Hie Jstv nppemred to have been btokmi at tbt^ 
i^T^iysiA mud abrmdiML perhaps wbau U lay fixed In the iftfavd and before 
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irji rterwdtJotL Tiic fnifinunts of cruulnm rtiow tittle or tvo vlgii of 

ran Ilf or otlwT abrasion, save nn SwIbIoh it I’fie bncfc of tlio ihaHoUiL rPobnW 
ranged bjr A ffortnMiD*i pkfe. 

A smoll frogiuoDt of the skull has l»«!o weli;£ttd fend tested by Mr. R hA- 
WwHlhMiJ. %L Sk., F. I. public analyst fur EnAt Sosiwx find ilovo, and 
A£rloulturBl ttiiJilyst: for HA^t SitBsei. He roporis titnt ib-e specific’ 
the bent IpowdeK-dJ Is 2.115 (water at 5^ C. ns stuinJnrdi. No KJOlnllfty or 
olffAiilr BiEitler lA presetil. 'TIiiw Is m birpEc proimrtSon nf plifipqjliatPfe (ofIrI^ 
HJijj^y prtneiil in tbo bone) H-ud. b ocKEiMlderfiiblo piftfiioifiloiii of Iron# SSIllcfl la 
tib$enU 

Beshlcfe tho hnmtin remiiltut we foond two ramll broken pliwi of a molHr 
tooth of a rather early Fllocene type of elephant, also A niucb-roUed Citsp 
of n mobir of Ifnafodofl, poftlena nf two teeth of ITippopofoipin#* anil two cMlnr 
teeth of n Pleistocene benrer En the adjaeefit field to the west^ on the fiurfnce 
cleie to the bed^ dlvldm;^ St from the fravol bed, we found portlotu* nf u red 
doer'fe Hlitler and the tooUi of a Pleistocene horse- These nmy have Eh™ 
flitowti away by the workroeu, or may have been turned up by o pEouRli which 
traversed the upper ^traia nf the coul.fnuatlen of this grATOl bed. Among 
the fifegmonts of lione found In the spoil heaps «*onrr«l part of a deer^a meta- 
tarsaL sjdk ion^tmUnolly. Thia bone b^r# upon Its surface certain aranU cuts 
Aud scrttichea wldcb app«ir te have been inado hy tnam All the 5 |iocltjifens nre 
highly tnhioralbsed with Iron otidc- * * * 

AiuonR the Dints we found -several iindouhtod US at Iniploasenls^ iM^lde* uuiiirr' 
oUA Eolitho. * ■ “ 

Froth lli^ Above Air. Daw^n believed liiaiself juiititietl bi 
the following eondiisions^ 

Jt J# dear Lhat this stfatlEled griieS lU PiltOown In of Pfcelstooene Jiite, but 
ibnt it contains In Its lowoit stmtO-cu nnlmfll renmlpfl diiivotl from snine de- 
stroy&l Pliocene dopoflft probAbly sStunted ooi far away am} consIiitiTig of 
warn and broken fnigmoniSL Tlit^ were wlih frnpiients of early 

Ptelitocotbe mamniJiUa In u r>etter stole nf prwrvntlim, and both fornjs were 
aaonelnted with ihe huiuan skuM and mnndlble. which, allow no more wear nud 
tear than they might have ti^^elvM In idem AN»c»e*hiteil wIlU tlieee onlnial 
retMBlnic are Eoliths^ both In o rolled am! oti unrolled condition; llie forhu^f are 
doubtless derived from an older ilrtflt the latter in ihelr prweni form ate 
of the Hfre of the eslrtltiff deposit. In Uie same \¥H\, In only n reify sltchtly 
hSgber AlnitTita, iKonrred ii fllnl liotjlemoBt, the workmaiiMiilp at wlikdi ra^m- 
blcs that of Implenients fontnl at Cbdles, nnd amonj; the liipollji hen|i$ wert^ 
found olhers of n slmllAr, lUoni^ perhnpa earlier, itnge. 

From these foots It siiiHirs probable tliat the almll mhl timnillhle i.‘ati not 
Aofely he described an beloi? of earlier date than the first half of the Plelato- 
eenfi ^or Gluelali epoeUu Thn IndlvidniH probably Uvetl durlug n warn cycle 
of that ago- 

The antbropologicfil report tm the srpecimeri by Dr. Woodward 
bdugs forth the foUoi^^g main details i 

The hiunan remains comptiae the greater part of a brain isiAe nnd one famnK 
of the mandible, with lower molara I and 2, All the Umoo are aormitS^ with 
no tmc«i of disease-, nml they hnve uat been ihstortod durltur inlnertllAatlon. 

Of the hfain case there nre four pieces (reconstructed from nine 
fragments) sufficiently wel] preserved to exhibit the shape and nat¬ 
ural relatiom of a larger part of the vault and to jiiotifv the recoD- 
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.structmu of somy clher fuatur^^^ The^ tjon^ sire purticulnrly note- 
vrorthy for tlieir thiekiie% whicli reacBe^ 50 unn, ai (iie uiteranl 
fx^ipiUl protnberaiico and 10 tnifu ^long die greater part of the 
fractured edgea of tlie frontal and parietal^. The average TtiiekDes^ 
of modem European skulls, except in the localily of the various 
ridges and Euturesj varies between + and 6 mm. 

Thv th^rtliM flf siie bmln cniJej rtwiy 1w iwauatmeied wlttiuTit nliy 

lirpotlietlcal restoration die uaJy flcrloua doilelea^' beln^c Ete mlilLno fiortlDiL 
uf the froalul lea^aa nhove flod laeladiD^ the larger iwritOTi wf the ^nmorhital 
Sovh a njcOttfitJfTlctlQtii with a JitHUOable ninoilttt at mcidaHtift, ba^ ImW 
Mtlllfullj niiHiD Sir. rnnslc O. finrlow In ilie ralaeontoloiElail Latnimtcu^ *f 
the Brlt£vb MtisennlL ■ * * It is abowo In plate 

The riMMastroctcd cranium (pL 0) is evidentlj chat of an adiilL 
but not oldj female. Seen from above, it shows n short o\*oUi out- 
Jme. It is wide ptisteriorly. ineasiiring 10*0 cm. acroias ita widest 
part, juflt behind the zygomatic arch^ and tapering moderately for- 
wiird to a slight coustrietioft behind iho supraorbital ridge* wdiere 
ha widtii (the iliamcter frontal mininmin) is 11.2 cm. The total 
length from tile niidiho of the supraorbitid ridge (glabella) to the 
external oeeipital protitl>eranci? (Inion) la uncertnin. nwjog to the 
hypothetical restoration of the frontols. but it measured prol>ably 
not far frt>m 19.0 cm. The ecplialk index may have beem tlierefore, 
si>mewhere about IS or T0- ^ 

la anteiiyr t( 4 w tho leljitJTe nnertmetiesH of tUe fmnial res^Joo Is well vIidwil 
unH mtilt EKh stKQ to Hec to die vertex iti ihe wUlest pare of Uie In 

Hide vie# tbiH uiTWurd Hlojie Lh Htlll better seea, aud tbo Htt^eplr curbed friiatnl 
eoutoiir la «qioejullj aoEewortlir^ The excemitl sH^pItal proEnbeniaeo (Inlua^ 
}ipeniA ttf form the bladmost iioInL of the CrBUlutii, though tho [Eoitloa nf the 
<jcvirllll] thimeiUatolj above It Is to an almost vertical pTane. 

in hack view tbo contour of the Fkoll Is very remarkabk*. It Li reLutlvely lo# 
nhil wide^ and oently arched above, with th# sJdefl fiaitoncd Ml their upper hsdt 
and the mastoid nidan either vertleat or fcitKhtl^ bcUiied Inwatd. ■ * ■ 

A detnllcd exinulaiitlcm of the several hones of the slrali Is luterestlni; as 
iprovia^ the typical!j huiiuiii character ot nearly flU Lbe feattiieA that they 
axhililL Tlie only ootcworlliy remlnlM^ecees of the ape are mel with In ihi- 
upwjird extetudou of the tempomL fos.*^ and In tlia low imd broad Aliape of the 
: QccIptlJil ret^Eetu The ftotitnl rvi^lan, which Is coMplete oa the left ahte tind In 
Its upper DklihUc portloniH ahowm u fairly dcvelopod forcheaif^ wUh welbr^Junded 
froatal emlnuncitL Jiididna frtun the remalmior of the grtipraorhltol bordeft It 
ii ck<ir that there coa not bare been any promlaent at tblcltenDd snprnorbltal 
rldKo, aod lb i:vnjwqueuco af this the aiisslnj; pnroi of the fronnil re^oii were 
TOitpred on th* pliia of ao ordinjuy hn iru n HfcaU— 

which was. perbapst not fully Justifiable- 

The tempera 1 ctest la sharply tlete^oped over the frootal and parlelAls^ 

ImiuedJnlaly twhlOiL the oilddLo of the coroimli jftiturG the parietal res^oo in 
dtHlLnclly aaltiitiPil; bat aa It expauda bac&wnrrb the roof soon rlaea m a broad 
raiiocleil venex. Tile parietal umlaeacea ore eonstklcaons^ The tteuTvst ap- 
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AKCrejfT Uf.MAiSA or MAX—UBIfU^TK-V. 

pmach of tile njiiwr Wnff ti5i> ternpfaml crirst tu Lbt? scieilt»l miunr \a ^ tnm-n 
N (JlwtflD-ce frerjiipntljr la tiis praefll ftlan. Tlie (wriuMil nutnrt Is cOtti- 

tiletelj' oiiH I era teiL bill tb# liiiifcbilofil ! » Q|wti of H hJww well’^eT^i- 

ofHfil riernttEniL squinpujna Mturi! Is ifell urehsil* ufl to Uis tS?lslenl iHAHSenj 

Uuuifiti f^kulL 

The occipital bone iB remarkable IwHi for its relatively great widtli. 
and for the large area and tlntteiiiogs of its smooth upper portion. 
Tlip external oecipitol proiuberoitce an<l the mii-scuiar ridges ar«? 
wall marki^J. 

The left temj>om} bone, wbieh is excdletitJy preserve, is typi¬ 
cally human in every detail ” and comssponds closely with the same 
Ivme in a comparatively modem htunan sknli. The mastoid ia rather 
smalL 

Thv of tlie bfulu-cojiv mn dct, of conrat* be ouictlj delertulited: 

hnt muQsat^iOAmtB boih by rmlUct-sHieii and by iffatMt kImjw tbnt it mint Imire 
hmn Jit leiiftt JpOTU cc., ifliUti o otnajslilenitloii of tb^ iiilsaJjig pqrtJt tbst 

It m^T rbtwfof© ngreea with the tupaclty 

vf tht? bni[ll-ca$}2^ of the GEbPiltor ekialL a* dj&tttrmiiiEd by tTroL KiikK ahdl 
e^xuils that of some of ibi- iuwm fllniEiS of ib& i^xistiiig aiiifftmll^ltH, tl lir 
Di^cb bolDw tbiit of the MffEiatonaD sskuHo frotP Spy and iJi Chiipelle'iitai-SiiJiita, 

Tli^ ittterc'nmifll cast shows^ according to Elliot Smitli, b con.' 
sidemblc reseaiblance £o tlio Ti'ell-known pulaeolittuc brain-castSj and 
especially to those ohtiiined fre™ tin? Gibcaltnr and Lq Quicui rC' 
maias, * • * Like tb«se it m relatiTdy long. namw. and 
ea^peeially tlat; hut it is smulkr and presents more primitive fea¬ 
tures than any krioTiVTi h union brain or qrauiul Mnrke^l 

peculiarities of conforaiution arc slioivn particularly in tlie |wiriotaI 
and temporal region. The length of the left cerebral IieJuLpticti' 
was only cm-, due to tJie thidciiess of the bones; while the mflMj- 
miiTii breadth of the brain (located lower down tJian nsiialL wan 
13*0 cjDm the luajciniiim height 10+ii cm-* The author conclndea tliHt 

taking all its features into considcpatioti, we must regard this »> 
being die most primitive and most siminn human brain so far tr- v 
corded; one. moreover, such as might reasiinably have been expected 
to be assDciated in one and the same individual w itii the numdible. 
which so definitely indicates the ^lootogicrtl rank of it^ oriifinaJ 
possessor/- 

As regards the lower jaw and the it will be best to quote 

again from Dr* Woodwai^. According to this ols^n er: While the 
flkuU, indeed, is evidently human, cmlj approaching a lower grade 
in certain characters of the brain in the attachment for the neck., the 
extent nf the temporal muscles and in the pfnbahly large size of the 

I tl*« brttli Pt B Irliltp niiftj^ twin f wImmw nktill powimd Terj n^fttli- tim Mtm* 
^trmal ftmHnrifmjt'EitB U^i>£Tb IV Cfit-, breBdlb liJl nuti,. ^vt- Elrt Wflirf I*? CBI« to 
13.4 na. In hrH4tlu e.nd 11-^ cm, in bdabt. 
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face, the manrlible appears to lie ntiDOi^t precsisdr thiil of mi 
with notiun^ hiLinAci except the niolar teeth * * T\liiit there 
is of the lower jitw shows the KiLrienilized eonditioci ag the akull^ 
and the appciinen ^ corriiqpHijnds bTiffiriently well in to bo referred 
to the same indjvjdiial without luiy tiesitation.'^ 11 is fairly well 
pretfiri^ed. '"It lacks ih^ condyle and a larger part of the sympU^^ds 
with muMt of the denUl M-ch. but retain? the fir^^ two uioliuis, as well 
iin the socket for the third* The ascending niniua is relatively broad. 
The bone is massive and its outer surface is deeply marked with 
irregular hollows for the insertion of a powerful musseter mtiscle- 
Tho horizontal ratniia meaaurts only about "21 mm. in height behind, 
but must Iiave been a little higher forward* Tliere is a great width 
of Uie temporal infiertion, the mylohyoid groove is situated l^hind 
Hither thaii in line with the dental foramen, and there is a complete 
absence of the mylohyoid ridge—all eharaciers of the mandible in 
apes, not m mam As the horizontal ramus curves round to the >yni- 
physas it? Inner margin exhibits an iticreaisingly wider flattening, 
which begins beneath the siecoud innkr, ?k»pes upward and oui- 
ward, and ends in front in the strongly retreating ebiji. The inner 
edge of this flattening is sharply rounded, and at the symphysis 
itself the inner face of the jaw is so much depressed in Its lower part 
that the bone here Ims the form of a nearly borizunlal plate or flange^ 
riossly similar to that found Ui all the apesv The genio^hyo'gh^sal 
And genio-hyoid muscles, in fact, must have had their origin in a 
deep pit, us in the apes; while the digastric can only have been 
inserted on the edge of the bony flange instead of extending far over 
the lower border as in man. Unfortunately, tlje absence of the uppor 
part of tlie symphysis does not nil^isv of a precise rt^toration of the 
s|>ecimen> As, however, the wUok of the bone preserved closely 
resemble? that of a yotwsg chimpanzee* it seemed reasonable to rfeitore 
the fossil on this model and make the slope of the bony ehin inter¬ 
mediate betvrceu thnt of the adult ape and that of £fmci 
her^en^i4g (pi. 7), If iJtm restoration proved to be correct then the 
alveolar border was so long tluit it would be nec^sary to assume the 
presence of a relatively large* though prtihably not very prominent 
cjinine. The two molar teeth are notewortliy for thoir conadorable 
length in proportion to their width and in each being provided with 
a large fiftJi cusp. They are* ultliough distinetlj btinian* of the mast 
primitive type* and must ho regarded m raminiscenl of the apes in 
their • 

The abfjvo were the ei^^tials of the information we poss^seii 
about the PiJtdown epecimsjns up to recently. Meanwhile the End 
has been discu?^ at the lato meeting (August, of the British 

.Association for tlic Advancement of Science, as well as in some pub- 
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lii^atioiii-. a.pt] Ihu (»f these ie Another impottutt pnpor by 

Mesisrs. Dit-wson (ujtl Woodwardin which appear detiLUe of con- 
stdeniblo ndcHdomil intciv^t. P'rotu thia publication wo loam that 
the rosearchos by the nnthoi's tn the Piltdown grave) hare aontmued; 
and that the whole IwiI at the locality of the Jliid wn$ found diA'ided 
into four weil-defiDad strata, Tlie t/Aptne^-t of these consiatH of sur¬ 
face isoil, wltlt pieces of iroii-stamed siil;)angtilHr Hint derived fifuu 
suiue luicient gravel and similar to the liJuts Leneuth. This surface 
soil also contains a inLvture of pottery and luiplements of various 
ages. Benealli is the second bed of ** undistuHjed " gi at'el varying 
from a few ineht^s to three feet in thteknes. A puteolithie iiuple- 
rmuit figured in die former paper by the writers bus l»en fomid in 
this layer, wbieh enntaina mlJed and ettbntigiilar flints sluiibr to 
those found above and below. The third stratum, though not always 
present, is well marked where it does occur by reasons of its dark 
femjginous appearance, and chiefly camststs of pieces of ironcitoDe 
and rolled and subaugiilar flints deeply patinated and iron stained. 
Ail the fossil bones, animal and huinan. with the exception of tiie 
remsbiB of a deer, wci't* illscorcred in or have been traced to this 
third dark bed, which pehts unevenly upon a fourth layer, consisting 
of very pale yellow, fiifoly divided sand and day. 

The whole of the work w*ds perfoi'ce carried rm very slowly, and 
it was found impo&ible to employ mon* tlmn one lalwrer, ‘*for the 
airtiiai exeavation had to be closely watched, and each ftpadefu) care* 
fully examined. The gravel was then either wasiied with a sieve, or 
strewn on specially prepared giHUind for the min lo wash it; after 
which the layer tfius spread was mappetl out in squares, and miniitelT 
exummed ecction by section 

the lalwjror was digging the dLsturbed gravel within two or 
three feet from the spot whctre tlie mandible was founds Mr. Dawson 
“ejiw two human nasal bcines lying together with the remains of a 
turbinated iKine Ijeneatlj tlicm in jr/w," In the gravel excavated 
within a radius of five yards of the spot where the mondiblB was 
found. Father Teilhard de Chardin, who worked for a few days 
with the authors, found on August 30 , WUi, a remarkable canine 
tooth, which, according to llessrs. Dawson and ^Toodwarth belongs 
to the Eoanthropiis. 

There were also found in tlie sanie vicinity two evidenrly worked 
flints with a flint flake; and there were also recovered fragments of 
teeth of the stegodon. rhinoceros, and mastodon. 

The conclusions of Messrs Dawson and Woodward are tliat the 
third or dark bed is, in the main, composed of Pliocene drift* prob¬ 
ably reconstructed in the Pleistocene epoch. 

^SQppSflpaiHtiiT Satfl QQ t>l a IJamno Slrall itid MandkbLa At 

rUldflWTi 4 Sya*flatt: gturt. jMifn. U^HJctaii^ ACrtl, iei4, 
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“As njgards th« humiui rejuaitts discovieml, meludiDg tlio canm-- 
tooth, there is nothing in their tnmie of occTirrence to favor the idea 
timt they luay havo belonged to difforeiit indiriduulfi. Putting aside 
the fauniAn remains and those oi the beaver^ the remains of tiie fauna 
aU point to a churacteristic luncl fmmii of PUoL'One age; anrl, tliongh 
Lkll uru portians of bard tcetli. they nro rtilkni anil broken. Tlio 
hnmuu rcuiEins, on Uie oilier hand, nlthoiigh of much softer uniteriuh 
are not rolled, and the renniinK of beover ore in n sluiilar condition. 
It wciitid, tituinfore, seem tlint the nccurivnco of these two individuals 
belongs tn one of the periods of recoiLstruction of Uiifi gravel, though 
for otlier reasons before stnteil by us, tliis is not jierfectly ccrtHln.” 

The newly-found nasal Ixmcs (pi 8) are “ coroparativdy stout, 
and they are thickened nt the upper boitlei*. suggesting a massive 
and ooiiiewhflt OTorhangiiig brow ridge. • * • CamjiarLsou provea 
that these nasal tiones nisemble those of the Melanesiim and African 
roceii, mtlier lb an those of the Eurajdan type.’^ 

Tlie remarkable new canine tooth ipl 8) “is certninJ}' that of a 
primate mamlual and may therefore be referred without hesitation 
to Eoanthropus. As ii belongs to tlie right side of the mandible, 
corresponds in size with tiie jaw nln'ady found at tlie same simt, 
and agrees with the molar teeth in having been considerably worn 
by mastication, it mar nlinoit certainly be reganlix] os part of tlic 
specimen previously described. The crown of the tooth is conical in 
H]m[)e. but laterally compressed. * * • 'The tooth is distinctly 
lai'ger than any hitherto found in genus Homo and differs funda¬ 
mentally in having completely mterlncl«d with its opposing tooth, 
which worked downward on its inner face as far as the edge of the 
gum. Its exact position in the Jaw remains uncertain, but its crown 
Dioi$t (inve risen well above the level of the oilier teeth, and its state 
of wtw implies its sepamtion from the anterior pirmolnr by a slight 
diastema, as in the apes.*' From the variou.'i comparisnns whiclt the 
authors otaJte it appear that “among known Upjier Tertiary atni 
Heoent Anthropoids, die permanent lower canine of Eoonthropiis 
agrees more closely in shape with the milk canine Ixith of imm and of 
the apes than with the corresjmnditig jiermnnent tooth in either of 
these gioups. It is also obvions that the rsiscmlilanea is greater be¬ 
tween and //omo than between the formw and any 

known genua of apes. In other words, the permanent tooth of the 
a.vtinct fountis almost identicH.] in shape with tlio temiuraty 
milk tooth of the exiiiting Homo. Hence it forms another illtistn- 
tion of the well-known law in mammalian paleontology, that the 
permanent tcctli of an amoral race agree more closely in pattern 
with the milk teeth than with the permanent teeth of its modified 
descendants." 
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lo tlie origlnul ,«stor«tiou of th« akiill. it .ppc^ra Uiat ^ 
di«,gE. chilled for by VE.7 d^foiled and m.ny^id«l 
wiuS relutively eiiwII; und -tU«re ura 

the individual was u young ndult, and possaibly a , _ 

tuKs that pnsicnt secondary sexual cbonictets m modem skulls am 

quite intleBnite in these fragment’ _ 

^ Votos oil an interesting discussion follow the report. Tbero seerM 

to be still some doubt ns to the teeth belonging all to the same skulL 
• \^o\L Ago of the remains, it can not be earlier than 

liL if. Pnrf W Bovd Dawkins, this was clearly proved by the 

^ ““ “‘'“'/i""' f‘r 

dent in the Pleistocene and Inter strat^ . * tt i t i„ tn* 

Regrettably, at the time of the wnter’a vifflt m England, m the 
imrinn of 1912 , the specimen was not yet available for exanunatioii 
.n.l » 00 origio.1 opinion «u. 1» pv™ »n.^g M 
st’atns. It represents doubtless one of the most interesting fmds re- 
biing to tnnn^s antiquity, though secm'mgly the last word has not 
yet l^n said os to its dote and especially as to the physical char- 
Bctcristita of the btfiiig it stalls Is for* 

BOMO BEIBELBKRGINSIB- 

Oilc of the oldest thoroughly authenticated skeletal i^« so far 
dismveced and attributable to a primitive human being, is the pnea- 
less specimen known as the ilauer jaw. -niis preojons documtmt of 
nmii^s evolution ia depositeil m the Paleontological Imditute of 
Heidelberg. For its preservation and thorough dcMnption wc are 
indebtetl to Dr. Otto Schoctensack,* professor 

Heidelberg University, who for years bad been waging ^ 

the ituid pita near Hauer which eventually yielded the Bpwmien. 
B^ut CO Jid^rable credit in this connection Is due al» to Herr Jose^ 
Rdsch, of Maucr, the owner of the sand pits m qu^on, w ho saiied 
the specimen from destruction, immediately cidled ^f. 
sack's attention to its discovery, and event-ualiy donated it imselnsmy 

“T^^imen. th. 1«»« !■- of .u. .dplt malo, ™ di«>T«r«l on 
the Slit’S October, 1P07, by Wo letarets. Bo^ of these «cre Mill 
^ I Inr nimrrv at the time of the writer’s visit, m June 1912. 
S^nadVfloSl, in ctenpeny nith Mr. Eiteb. ell the cnenn.. 

“xta dS5.^ts totbicb the qnebnen d^vered ere "“J 

the rilled of Meoer, nbich Ues in the picturesque EUens Velley. « 

iswatl? 
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miles (10 km.) southcRst from Heiddbeig. They form ibe mcder- 
ntcly eleyitted nmiulating northern boundaries of tliu shallow valleyt 
at (I distance of about 2 rnilK from the present bed of the river, and 
represent in the main the quateman' accuniulntious cf the stream. 
They consist of loess, sand unci gravels, with here and there, in the 
deeper layers, isoluted flat lilocks of iisd sandstone (pi. 9). 

The portion of these depo^iits owned by H. Bosch, located abiuil ano 
paces north of the Sfuiier viJlage, have now been worked, in open 
manner, for upward of 30 years, in which time great qimntities of 
building sand have been removed. During this work, purtioularly 
in tlm lower strata, the workingmen often ntienrtlicd fossil shell'? and 
fossil bones of various Qiintemary aniirtala. Many of these speci¬ 
mens found their way, most ly as gifts of Herr ltosi>h, to the Umdel- 
b^g Univemty, and the diggings were repea teilly visited by 
scientihe men, lunong whom Prof. Schoetensack. Both the ownar 
and the workmen were enjoined to watcli for better preserved speci- 
metifi, and particularly for anything relating to the presence of man. 

On the date of the find, two of the laborers were working in un¬ 
disturbed material at the base of the exposure, over 80 feet in depth 
from the surface, when one of them fmddeiily brought out on his 
shovel part of a massive lower jaw which the Implement had struck 
and cut in two. As the men knew it wa^ worth wlillo to carefullv 
preserve all fossiU the specimen was handled with some care. ■ The 
misaing half was dug out, but the crowns of four of the teeth broken 
by the shovd wore not rwoviored. The men were siriicfc ti( once with 
the remarkable rcjicmblance of the bone to a humnii lower jnw : but 
it looked to them too thick and large to be that of man. Tliev culled 
Herr Hosch and he also was bewildered; but he rceogniled immedi- 
uteJy that the specimen niiglit la? of consideralde interest to Prof. 
.Sdioctensack Jind so he took ciiargc of iL Kctliming to the village he 
tdegrnphod to the profeagoTt w'ho came the next day, and “once he 
hold of the specimen, Ins would no more let it out of his posses- 
fijon-’* He took it to Heiddberg, cleaned it, repaimi it. and in 1008 
published its description in an esemplan^ way.^ Since then the 
valuable specimen has been presetted in the Pal^ntologiciil Instituio 
of the Heidelberg University, where, thanks to the liberality of those 
in charge, it is available for examination to men of science.^ 

Shortly following the discovery of the jaw a most earefid examina¬ 
tion and study were made of tho Mauer depodle. They were found 
to range ftom recent accumulations oo the surface to Teptioiy de¬ 
posits in the lowest layers. The juw lay a little less than thre e feet 


^ SJw gtwi t d r, Httu. Der UDtfLik!l«£«r da Eddao mi tm 

MrcwT b*l 4-, UTpUk. 1^ PP- t-W, 13 pl&ttm. 

J Tlii wr\X«T Vllilia to tlmiK h&ewif^ Pint WHtwMin rMmt ot 
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{0.S7 meter) above the floor of the escavation end TP feet (24.1 
tnfiters) from the surfiice,* Tlie sumo level, vs well ns some of the 
higher layere, yielded fossil boues of the antiqMiu, Rhi- 

noas/vt etruicm, FetU ko and various other extinct species. 

The age of the human jnw has been determined by these and subse¬ 
quent exploratioiiB to be earlier Qiiatemnry. there seems to 

be some uncertainty as yet as to the osaat subdivision of the period 
to which it should be attributed. 

The original specimen, when seen, impre&scij one «t once and, [w- 
tently as one of the greatest anlluiopological treasures. It is a huge 
lower Jaw, which looks simultaneously both human mitl ape (pi. 10). , 

It prisenU no ahnortnality or any diseasetl condition that enuld 
have altered it in shape, so that it may wdl Is? regarded as « perfect 
representative of its type. The bone is dull yellowish-while to retl- 
itiRti in color, with numerous small and latge blackish spots. The 
crowtis of the teeth are dirty creamy white, with blackish discolora¬ 
tions on the Homcwlmt wom-ofl chewing surfaces of the canines ami 
incisors, and a few similar spots over the molars 5 while all the part.'! 
of the teeth Iseneath the enamgl are dull red, as if especially colored. 
rit is much mineralk«d and feela like so mudi limestone tbaii 

l>one. It weighs netirly 7 ounees {187 grams)* 

The |avf is con^dorahly ki^r imd stonter than any nthisr known 
human mandible. Its ascending rami are exceedingly broad. Its 
coronoid proceEses* thin ntid siiarp in modem man^ are thick, didh 
broads and markedly diverging^ The chin slopes backward 
in no human iMUng [low knowB or th^is far discovered, with the 
possible ext-eption of Uie recently reported Koimtliropna; and there 
aixj other primitive features. The total of the chameterb^cs of the 
bane are such thaty had the teeth been loat, it won Id surely have been 
regarded as the mandible of some targe ape rather than tliai of any 
human belug. 

The teeth of the Mauer jaw, however, are perfectly preeerved. 
and thongh kige and provided with great itiots and iu various other 
ways primitive^ they me onque^tiDnahly human teeth. They force 
the eonclusinn that their possessor, while of heavy, protruding face, 
hiigh muscles of mastication, wide und thick i^^gomade arches, thick 
skull, probably heavy brows, and possibly not yet quite erect posture, 
had nevorthelesi^ already stepped over that line above which the being 
could be termed human. Bis food and probaHy his mode of Ufe 
wen? related to those of primitive man^ and he was already far re¬ 
moved from hk primate anoestore vnth. large canines 

The wiittr will tkQt enter into the oUHtomicol details of the speci- 
man, which have been admirably brought out by Prof. SeboetenB&ck. 

^ tli4f vuct fpot ban ba#p uiafk^ hf ScliMtieiuAcIi witb A iDoflmia«9f StOT' 

iSM Uul laKiipUiPD ^ ^ FiiaObEfflli M numKMictoa UDUiJrMaC&ts, ^ lOO?" 
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The main dimensions of the bone ob tak^n by tho writer and eoii' 
trusted with a modem male Gernian jaw of uvemge sireogthi are os m 
follows; j 

MtauMremcai^ 0 / thi: Mautr jaw an^ ihflfr an Qnlimnf foirer iflij:< 0 / a mjItM'’ j 
mfln of (Jtfrirtrtii ^ 
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It is readily seen that the jaw exceeds tomsiderably tlial of the 
modem man in dlmmiidoii^ 

The carefulne^i of the workingiiietL In the ^Liuer ^^aml dcp 4 :k&Ha 
Las been redoubled since ilve find of the jaw^ and the lacality" bos also 
been subjected to considerable scientific exploration^ but thus for 
without further result so far as human remains are concerned. No 
signs wene discoTerod which would indicate that the specimen found 
in 1907 proceeded from a burinL Evident!}' it became niuigled 
aeddentally imd while still fairly fresh with the ancient alluvium* 
wherein by rare good fortune it was perfectly preserved. Thera can 
Ijc but little hope that other parts of the ^tne skull or skeleton will 
ever be recovered; hul it is not impossible that the large early accu¬ 
mulations of the Elsenz Valley may inclose and some day yidd 
ports of some equally early individual which will throw further light 
cm the physical organicatiou of this most interesting andent repre¬ 
sentative of humanity. 


THE SHULL OF GIBHAX'rAH. 

Thie highly valuable but comparatively little known specimen is 
preserved in the Museum of the Royal College of Surgeons, Englandi 
where, thanks to the courtesy of the ctimtors Prof* Arthur Kieith, 
the writer was able to examine it and have it photographed. 

The history of the specimen is, regrettahlyt somewhat defective. 
The first mention of it occurs in Falijoneris Paleontological Memoirat* 

¥ B-as^^ P^tKat^ldclcAJ ou^miFin msd. oottt. a LdD4«i« 10^ * 

Qwt. JmroL. GkL eab. LffOdDfa. nM- ai, 1060% ^ 
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in 1868 , whcr^t on page of VDloine 2 , speaking of various nnthtti- 
pological and other finds at Gibraltnf* the author says i 

One af tU^ tiurnaa stilTls j-Soklffll Isy tb^ rockg munj j-eiiis a!nc« appears to 
iia to polci to a iSnie of vi rj- ti\sh natloulrT. Ju frtet. It la Ilia luiwt rciiinrk- 
nblo ai44 (wrfcct oxampie of Its kind otwr tjitntit, ta ili* absenre of a proporlj 
ozira ab:^! oaii^Dm no r^vnt eiisrtit of I ho pmSae aireuniflta Dcea anJcr which 
til [A ititereEtliki: relli: w;iiJ foucwt ituit It ba# bem prcscrrcd at all may bo 
nnntil'tlered o happy acdJ.&tit.t ft Jlas us luiioh labor, nitil wtth but ji®rtlnl 
to etuleator to trai:* Jle hSiftorr ou tbc spot wlioro It up. 

Besides this Falconer remarks in ii letter to a rclati^V referring 
to the ^kulh It is a case of n very low type of humanity—vciy low 
Hiid savage, and of extreme antiquity—Unt still nmu * * ** 

Taking alt the availhbk data into conEideraticm,* it appears that 
the skill I %va 9 discovered, accidentally, as eurly as 1848 , therefore 
eight years before the Keanderthal rranitim made its apiiearancc in 
the Forlws Quarry, situated on the north front of th^ TltJck of Gi¬ 
braltar." Accurditig to Keith,* it was "‘^quarried nut of the ten-m*® 
under the north face of the rook"^ a terrace formed of ^Hdihed 
breecia, consisting of the debris of itveatherbig of the limestone cl I IF 
and line wind-blown sand. The part of the terrace where tlie cra¬ 
nium lay was possibly in former times the floor of a cave^ Part of a 
cave still exists behind the site of the discoTcry and was exploi'en;! In 
lit II by Duckworth, but withool results. It is certain that the skull 
showed, and to some extent presents to this day, n hart! stony matrix 
adhering to its surface and filling its cavities, B™a, to whom we 
owe the fin^t descriptive account of the specimen * says thnt il was 
taken out froui a very compact and adherent gangue ^ out (if w^hich 
it was disengaged with much dUficuUy- The photographs published 
with Broca^s account show stdl very noticeable remnants of the atony 
matrix (see also pL 12 ), 

The ^kull wuiK i^resentcd to the Gibraltar Scientific Society by its 
that time ret ary, Lieut. Flint, but for many years receiveil no sci¬ 
entific attention. In 1862 it came to England, with the collections 
from the Gibraltar caves, and was studied to some extent by Busk 
and Falconer, The latter, perceiving how^ much it differed frum 
recent biinian skulls, proposed to refer it to a dktitict variety of man, 
the If&mo after Calff^ the old name of Gibraltar, In 1868 

finally Busk presented the cranium to the ^luseuni of the Boyal Col¬ 
lege of Surgeons: of Etighind* where it is still preserve. 

The first descriptive account of the specimen .was publii^hed, as 
mentioned above, by Broca, lull the adhering stony matrix pre- 

Clt.. P. Cfll. fOAEltOt^r 

Krtih, 4, Thfl rtrir tlsfr Oiarelur ctm^Euio. IXkIdx^, IPJl. pp- 

trpM lUn, IBII, p. 13J. 

P. CrfUtH mt miMDMaatH tJBPLiln* 4 m c»r*ri»* dp CibnlEAr. riJulL Ekfti 
d^ADtbTQ[Kil- PllriB« 2d to3. #, IS®. P- 1^4. i 
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veRt 4 »d lit that tinie njiy at accurate measuremenLs, Subse¬ 

quent! j It received atteritioii hmm Huxky. Quat refuged, and I In my, 
and later from iradiiimara, KlaaLsch, Schv^ilbcj SoUafk Sera^ and 
Kcjtlx. as well as the writerp It is a verj* remarkable s-pecinien which, 
even though the geoJogicBl and piilcontological evidence relating to 
its antiquity imperfect, docs not pllow for one moment any doubt 
as to its representing an early form of the liiuiian being; and itj 
chanicteristies are such tlmt li is now nniversnlly regarded as a rep- 
( n^.scntnti’i'ts pD&^ihl 3 ^ a very early one, of the //oiuo 

Thecmninm (pis* 11, 12. 13) b dirty yellowbh to whitish in color. 
It h considerably minomliKed. The stony matrix has Ih'cji so far re* 
moved that all imix>rtant determinations and iiieasurenientB w hich the 
<iefeetiv& state of the bone iUelf permits, cti!i now he made. A for* 
innate circumstance is that the frontal and fxicial parts are relatively 
well preserved; the vault on the other hand is hirgeU’' defective, but 
even, liere sufficient portions reninin to perm it of a niifoljer of valuable 
deieriuinatiutLS, and a fairly correct reconfitrnotion. 

The asi>cet of ilie face b ‘Winibnman. apbh. There is a mAtked 
aiui quite heavy suprtinrbiLul arch, notwithstanding the facd that 
the skull h probably that of feniale. The i^rbits lire vety- spacious^ 
especially in height, and the frontal process lietween, especially iil 
the level of the superior bordere of the orbits, is vctt stout The 
nasal bridge? is In^'i liiough not excessively so, and the nasal aperture 
is very brOtiJ^ There are no siiborbital (canine) fosstC“ihe surface 
of the maxillaries In this rcgi^Jit ts in fact slightly convex, tis in the 
apes. The zy^gomatJc ai'ches are deficient imd in consequence it is 
impossible to say anything definite about their breadth, except that 
in all probability this was considerable. The upi>ef alveolar process 
\n largely absorb^, so that we am not judge of the original piognath- 
ism^ which liow'ever was* doubtless wcU marked. The tcselh show 
unusual strength and cspeeially length, though their c!row*nfi are 
largely worn off. 

The vault* viewed from above, ig ovoid in sluipe and decidedly 
loWp The forehead is lowr and sloping. The cranial l>ones are thick, 
exceeding any in this line that can be found In normal tnwkm 
Kiiropeau. 

The external dimendons of I he ifikuU are fairly large, but the brain 
Was small. Tlie crania] capacity k estimated by Keith as having 
Ix^cn under 1,100 e.c.—that in an iidnlt white woman of the present 
time averaging about 1,325 c, a Tlio palate was large and approachcxl 
the horseshoe in f^hape* The fossae for the articulation of the lower 
jaw are rather htnall and, as in the Krapina skill Iji to Ixs described 
later, they are mclined diistaUy more upw^ard tlian in man of tlie 
actual time. 


i 
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THE ^liHALTAR S«ULE_ FrCWT VjEW, 

iur E-lir fniEri ibia uflf^imL) 
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GishalTA-h Skull TtJP View, 
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The principal measuretut'utii whieli liie writer secured on the 
specimen, and whidi differ slightly from those previously reported, 
Cijpccially aa to the breadth of tiie sJeuU, are as follows: 

'Ctn# 

Lcmgtb muxlmmin CglnbeUo-ocdpltal)^ ---—--- 10+5 

tiifixiainm, -—— -—..- 11. ft 

V^pht^flc tnrhif - --—---—--- 7HU>T1 

tfi'lEsSil betwi^ A [wlnt: aliQiit tn Uw Tiri^m n ^Kihit 

att iliu Msliiir procesj imt taclc of tlm vaun^r.^.^.lii.S 

I>l«uH?hT iroutul ---—-- n.P 

Ctii>er nlveotpir point to pnaton. --- T.O 

Nou^ ftqenu of tike iwio sides), -. .... . 

Brtsitd 111 --- - ^ --- --3. 4 

Iitiliitij (Tornel-'s luethodK about,— -- . 7.^i 

t^ruiiiltli, nliaat— - — -- - 

Uoa^ 

Ttilc'linui^ tpf rijslil jiurlelaL 1 ctcu nX^ovv iintl KJofij; tliu iutisrf*__ il.tt 

Rlght+ trtt. 

l"Sfl 'VBi- 

OfbItA |iuS|5bt___ _ . . ---- 4 a, s 

Bmdtb -..-- _ . j 1. ri 

Maxlmuui leckiuli <'f tJio ^-- 15, -i 

Tlic niiijoritTr* of ilieise iiiertsiireiiiGivLs ^[lo^v well tlio h^vr tyjMi of the 

Eikllll. 

Thfre u-re ntiinerciiif; other deUiJir uiui tiiTnt^ri>Fion,s about thu Kpei^i- 
niifii wluth uro of intere^ to the unthrupologis’t, but which run tiot 
w^ill Ife dealt with iri tlib paper. It will siifRce to say that both the 
visiifll and the instrument at examination of the srpocimen Irad to the 
conclusion that the Gibraltar sin ill represents a highly mliiable re^ 
niainft of on early human being and that its principal chameteris- 
tics justify* the classiEcation of this ancient form with the Ilonio ' 
ttenjif^erthalemhJ 

THE KEAlTOEBTMAi AND BONES, 

The luoBt fnmutift of the skeletiil rfmaitis repreisenting early man 
are unqiiestioitably the imperfect but highly ubanicteristtc speci¬ 
mens known as the Kcanderfhal skull and bonea. This importani 
find more thnn any other has aroused scienlific men lo intense retdi- 
satiOD of the eiirlier phases of human evolution. The skull and tn 
f^omo extent also the other parts of the skektou stand tiiorphologically 
far below tho^ pf anj existing tj'pe of man, being correspondingly 
nearer to the ancient primates^ and their nume has l>epn deser^-edly 
taken to designate with the entire early phase of numkind of which 
the skeleton ia, aa now weU knowti* a prototype* 

PKrXMlarcM, 

Slu. G. t- Knore a«wrvaEloai ed iDduxtoDl wa} cnmlo de Glbrftltiir. Aruli. ji, 
rAatfUpot. and EtaoL^ roL SB* FlrefuCx 101Oi ppt l-66> pin 
SoLLu, W* Oa tbe cmnial ind facial featwm of the NeandertbaJ race. ^ 
(Plilluflopiilcal l^nmsactiaaA Hoj. Boc- Lomka, XBOTt voL ^l-53Pd 
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The skiilL with other parts of die skeleton, were found m AuguM^ 
1856J Tlicy wer^ dug out accidonially bir two lahoreri from a Eniall 
cave, located At the entrance of the Neanderthal in West- 

phalia, western GemMny. The bones were gi^en hut little attention 
by the workmen^ but fartiinatelj^ news the find renched an Elber- 
fkd physicianj Dr. Fiililrolt, and he wna stil! able to saTe the skull¬ 
cap, the femom, humeri, nJnie, right radius, portion of tJio left peliric 
bone, portion <if the right 6ca|iulH, piece of the right chi vide, and 
five pieces of rihs {see pis. 

Soon After their discovery the skeletal renin ins of the Nenaderthal 
man received the attention of Prof. D. Schnuliliaiifien, of Bonn, who 
on die 4th of Febrnury, 1957^ made n prelim inary report upon them 
at the meeting of the Low'er Rhine Medical and Natural Histon^ 
Society, of Bonn.* * At the general meeting of the Natural History 
Society of Prussian Rhineland and Westphalia, at Bonn, on the 2d 
of June, iSaT, Dn Ftildrutt himself gave a full actrounl of the 
locality of tlie find and of the under which the dis- 

eoviiry was made. 

The principid details of Dn P^uhlrott's* report were as follows: 

A RnaU viiTe or ifrotto* hlgH i^aonaU lo atlaUt a aiaa and fvJiout 10 fwl ilpeo 
trank ilw entraacei wljJcli7 ur S wititi, la tlic aanttkem wnU lif tba 

df tbt^ N**flailer!hlllt St teraiftt^ at a lUatarwrc ej£ abmit 190 ftsst from 
lU-C PQJWl" and aliout ■SHl aboTO llta Iwtt^ni or lUo tallov ^ In Its 

earllur nmS tmlajnrpd cotklltloa tblii onTem ftitencd upon a narrow jilatcaa 
In fraat ot it amt froui wliUU Uk? rot^j waU iilinofft |M^rt»«iillruJarlj? 

ta the ri™. It eouJtl be renohwl, thonali wlih illiUcnltv. fram aikovo. The 
an/eren JJoor was corewHl ta a thlukaass of 4 or 5 feet wlih a of mad, 

eparlugir Jalonalied wSth rumndeU f^ 4 l^nl^ents of ibeit. lu the renwvlng oC 
ihSs de[>otilt tlibi'' bones wrra tll0i?o'?cr?d. UTie sttill was llrat notlcedi iitaced 
nearest to the eatraaca of Uip cavern; and fiirttior la were the^ other hemes lying 
In the jiamp herlsMmial rJiine, Of Oils I v?m ^»^lfaTcd Ja the mottt i»Hitlvo teriaa 
by two laborers who were eaiirtoycil to eJeer out the ^Ua. end who were 
ifoDftl by nie an tha ejiot At fln*t ao Idea was entertained of the Iwnea haing 
human; and II w^jf not tUl Borarnl after their rjlscovery that they wert 

racogidicd ns Httcb Uy hip nmi iilaoed la i#ecurlty. Bnt. ha tta5 lajportnuce of 
the dlieovery w^^P not at the time percalircd, the Irtborera w^ere very larelei^ la 
the callectlns und igecureil iihleJSy only the Itifgcr hohe«; nnd to thia elrcuin- 
mnee It tnny be ntirlbated ttwt frogmen m merely of tuo probrtbly iierfect 
tik^etaa canhf lato niy pcrtssesalrm. 

Fuhlrott held thnt ibe Naanderthsl bones niiglit Iw regnrdcd as 

fossil,by which be ptr^a^Jibly mettnl not merely mineralized, but 

*10 micy pubUcttlao* Uni-ante Im ■ertffO'WJa^ly 1^™ i* tK'* 

^Vetblhadl. d. tMtOrhtut. VcttIdi der IfTpoml H he la 1 El fid*' unit WeetahilPB^ toI, 14. 
Ikian, IMT. ALw ^Kor Keontnlit drr lltntefi lhl»Mfuwhrt4r3/’ atflller^! ArchIV, Iflaa. 

Mk coeT«i»ndtiiFblatt a, Thr oho»» Mia*! n. m TrmnKliilott of 
luUMa'i “On the cm&la at the toMt i-nclent ta*tm af mSDp^ yiat. tlilk acTle^* Apn.!, 
iSfll. 

* y«r twtwKO CttwffcTiI uni 0fl««l*5rf. 







The Neandeathal SkuLU SioE Vi£w. 
tl'hrUiurpiphiai lot the liL^pon itmn this 
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also belonging to u form of homanity no inoi^e existing. A little bter 
Prof* Schaaffhflwscn'arrived at the foUowijjg conehisions:' 

eitmoi^nusTr foiin of the utiiU was dae t<J a uattn-fli raafonno- 
tlon^ inttielio nat known lo cslst tn must bapharoni roew. Second. 

y nm orkabtfl koman teiTisiliii* tieliin|!SHi to o period nntcceilfint to tOc tltuc- 
af m O^lrt aod Ocrmimn, aswl \vm In aU proOnlillUy d^rlTed fmm oue of tbc 
wild tucjea of nortbwcsEcm Europe^ fip 4 >kcn cf Latin noil wbicll 

were ™?o[ititcn?d ao antncbthfiDea the Gemiiin irnmlgnmm. ^nd iMnL 
It was beyond doubt that tlicsc bmoiiii ndka imcenbl* to a perJo*! at 

whlcti tlic Intesi nnimatH of ih^ Diluvhnu etlll exSsit'd: tlmn^li no pmof of 
tma &Hminptlou, nor of rketr so^teniH'd foasii leundilttoll. wfu* 

aFonlod by the clivmiutfRu™ under wbieli the bnncB dl?Vfwcred. 

In IfdVO the Keanikrlluil ciivo wa^ visitedj in coinpniiv with Dr, 
Fnhlrnit, by Tn-yclU who riiudc u J^keteli of the locality (fig. anil 







iL & 

Sir CbAtlcL Tht fvlAuaw* wt the nnflqUltr of IWiOr I^S-SnUp 

JSTi, p. So ic 


or tvs Ntijeosi^ttiL Cjir*, vtjv mtmaw- ( AflwbxdtJ 

fl^C^Tm OQf^ft1»T»lhi Dn4^UHLlUb«t Mirw ibe iMlrt ci tbm cwlnGfX «! 

A, I^nai ftoor Ib^ »«w the bottani et whletl t|i* Eunran lfce|it£ia wm 

teemd. 

Ap«. REfiiwnMwltEit!»e€»« 

dr 3 iip«rikilal Smaiir loftoi. 
f^r l>ivonlAn IliiWilet}*. 

J, Tumtc *« Irilfw *1 F«skr 


we arB ffivtai tlic following itdditioiiiil infomintion :* Since the dis¬ 
covery of tlio bones— 

the ledge of rock, A on which llie caTe o|icncilH nnd whkh wiia orljdiwdTj 
feet wide, knd tieeti altaoat entirely i^tiBrileid iwnj‘+ atwli at the rate at whleli 
the wort of dilniddaUuii wda proceeding. Its coiniilete deatnictlon Miued near 
hand. 

In the limestone ore many ilHaureHp ujio of whJih« Etill purUnlly flll»l With 
mud mill stonn^ U ropreiseuied In the wtlon nl n r an coatlniMma from the 
eavD in the upper sttpfaee of Ua? conatry, * • • 

Ttwee was dd cruat of sinlagialte oterlylng the mud In whkh the humaii 
akel«toa was found, nud no tmnes of other anlamla In the mud with the skelw- 
ton: hut Just before ottr ^deU tp IBilO the tusk of i4 bene huiJ l^^ll mei with In 
gojoa mad In n Interiil ^nbraiichmcDt of tJse outO'^ In rt Mtuutlen preels^j slmt- 
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Uir tD Rp Qud ob a vflth Uiiit of \hB buusmi ^eliiton. 

This triBk, HLbDWQ us by tlio proprietor of lie cn^e^ was IoUk nm\ 

quite perfect: but wietlier tt was rofemble Id n rcccuc nv extinct species of 
beur^ I codJiI not determine. 

Following ibe early concerning tta Neanderthal craniimi, 

and iKefnrc other specito^ms of 8imllur nature^ sntli as the Spy, 
(Hbraltar and odiers became known, jin extensive contfovo^ 
amse m to the real significance of the find. Virchow/ and after him 
otheiv, were at first Inclined to |t>ctk upon the afciill as pathniogical; 
to Barnard i Javhi' lu sutures appeared to show prennititrc syiiostu- 
His; whiJo Blakft* * anti his followers regfirdt^l the spocimen as prob' 
ttbly pKweceling from an idiot. But there were also those^ such as 
Sehantriiuiisen, Biwin and others, who from the beginning saw in the 
craniiun {the other Ixmen received ui first but Little attention) not 
lUiy pathological or aceiilental monstrosity, hut a peculiar, lhcret+> 
unknown type of niicieni liiLmnnitT, Then gnidualiy new e^taruples 
of ihLs same early tyjw appeared in ditferent parts of Europe, under 
circumiitEirices which readily strengtliened the claim of the whole 
class to get^logical anti(|uUyi and when event^ially a thorough com- 
pumiixe study of the Neanderthal remains weis carried nut hy mod¬ 
ern methtKl>> and in view of new knowledge, the cmnhitn and bones 
were definitely n?(njgiiixcfl us rcpit^ieniing, in a nocnnil and most ehar- 
actcriEjtio way, u most interestuig e-arlier phase or variety of mankind, 
otir niid-tplarternnry preilecessor or close relative llouw n^rin^er- 
tlkftletiJfh. The oretlit for deri ving work in this field ik due especially 
to Prof, Ch .Schwallte, uf rtirassburg. who$e nuraerruLs publicationfl 
on the early fnims of huinan remains in Europe are well known to 
every* anthropologist;* 

rm /A/f The remains of the Neanderthal akeldou 

are preserved in the Provincial ^fuBeum at Bonn, where, due to th6 
courtesy of llie director^ Prof. Itans Ijelmer, the writer was enabled 
to examine the orjgimils and later Imve them photographed, 

The skull (pis. 1M6) la gray in color, with large miul-browniah 
patches on the outside^ and tvhitish gray to whitish brown on the 
inside. It is^di^k^h^ heavy aiid.min^ It is pliclaly non- 

pathologicaL The sagittal suture ivria evidently closed earlier than 
it ordinarily dcies In the modern man, but this must have taken place 
after the hniin ceas^ed to influfinee the cranial vnuli, for U resulted 
in no defommtiom Thu coronal suture is ohllterate<l np to the 

' VlKhow, li. Uat^niiLtaufkjr 4» ScanJcrltittl-ecWisWp- f* Ethipl., Vut. ■(+ IStA 

V?rbl»n3L 0«rL IIml f. Aathr^ 

*11*J. lUnunl^ The 1111111, etu., LomlcHii IS^i. 

•Blik#, C. Carffi-. 0& the ftlli-stMl pWUUar thnrmrl^W iad KEirniiHHl Katl^nll^ t^r- 
btimm) cmbiitm from i Auturop. »«■,, tatulMi, toL iSOi, pp> 

nP-lAT; *l#0 MeiD. xVolhrop. TdL X p, 

eipwUUj worthy cvf mcatlon In IhU e«ia«*Uan *rt: Ubw die ScfeiileUofB?'-n 
Atr £]iiMtira :^feiwcliw*HWQ, mit brMincVErer BwEicludrh(lX®*m ftchideli tou 

UltteUunircn drr Efalucbni UtwftUKliArt Ifi Elfliit-tjGitbrfniim. tuL 8, 

DerteUM^; Uer Ne*a^rt*l9ehldtl. lyanner Jatn^Ueber^ Heft lOfl - 73 Sps. I T*lel, 1®<U, 
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temporal rklges, while tlw; lambdoitl is still putent- Similar condi¬ 
tions to tJiCise lire not seldoni met wjtb in the sbnlln of persons lieyoutl 
the fiftieth year of life, and if not attended by scaphocephaly or 
other consw|(ient deformation, can not be rc|rarded as abnormal. Tito 
serration of the lamhdoid niiore is decidedly simpler than in the 
modem human skull. 

The facial and basal parts are lacHnjr. The vault shovs rery good 
diineimions in k'ligtli and breadth, bid is strikingly low, and the 
Imuea arc considerably thicker than in the white man of to-day, so 
that the brain cavity ivas only moderate. 

Besides its lowneis the vault is characterked by a very decide I 
protrusion of the whole anpm-orhital region. The supra-nriiilal fore¬ 
structure or arch ftimdMl tliroiigh this protrusion is heavier than In 
any other known example of the //otwa Tin* line 

fnitii glabella to the naso-frental articulation is relatively extensive 
and pusses considerably backivaixl liesides downward, indicating 
a verv marked dcpivasion at the root of the nose, not unlike that 
which is present in llie adult gorilla. Due also to the forward rs- 
tenrion of the supra-orbitul arch, the upper parts of the planes of 
tlie orbits face very perceptibly downward, while in present niiui 
tliey fttce somewhat upward or approach the vertical. The remark¬ 
able extent of the protrusion of the anpra-orbital region may be 
Jndgfd by the fact that the horizontal distance from the most promi¬ 
nent point of the glabella to the nearest point on tlie ventral surface 
of the lower frontal region measures !! cm. The frontal prcxwas 
descends deep liet ween the orbits and ta exceedingly stout. 

The forehead is very low and also slopes markrelly backward, 
nevertheless it presents a moderately well-definetl (.'onvexity. The 
otigittal region is oval from side to side, mucli like tliat in man of 
to-day; tlie occiput, however, is marked by a relatively high situa¬ 
tion of the crest and other pwnduirilies. The uutline of the vault, 
aa looked at from above, is a long ovoid. The thickness of the 
frontnl bone at the eminences is 8,5 mm.: of the left parietal, along 
and 1 cm. above the squamous suture, 11 to 8 mm.; these measurements 
tire about one-third greater than those of the skull of an average 
modern European. 

The principal external dimension.^ of the cranium, token carefully 
with two separate instruments, were found to differ slightly from 
soma of those recorded, but agree closely with those of Schwallw. 
They a ret 
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The intmiBl capacity of tlie skull has been estimated by Schaaff- 
haiifien at ly033 by Hurley at 1,S30 and by Schwalbe at 

The bmin which filled the? skull was lower md narrower iinil 
slightly more pointed than the htiman brain of to-day, approaching 
in these fent^ires more the anthropoid form* The right frontal 
lobe was slightly larger and longer than the left, and the whole right 
hemisphei^e was slightly longer tlian that of the nppoeite In 

the present tiinn it is |>encnitty the left hemisphere whieh is the 
longer:, but this exception in the Neandorihat man is not neces^irily 
of liny sjKKrial significanee. 

The long and other bones of the skeleton (pla 17-18) ^ so far as pi'e- 
serml, show many feahirefl of anllirt>i>ologic]il inferiority, demon¬ 
strating plainly tlist not merely the sbilb but the whole botly of 
the X^eanderthal man occupied u lower evolutionary stage than that 
of any norriinl human being of the historic times, Howeveti many 
of the details on these points are tedinical anil inust be reserved for 
luiotlier publication* The bones m general indicate a powerful 
musculature. Tliey bdong doubtless to a male individual* The 
statare of the man was iil>out like the average of the present man 
In central Eiirojje. or but sUgiitly lower ( the feniom indicate^ accord¬ 
ing to ^innouvricr's scale, approximaicly UlS cm.) ’ Tho thigh hones* 
besides presenting ii powerful nock w ith a relatively inrgu heath ^how 
also a very medially located minor condyle, certain pecuHarides of 
the shaft] n nmull but disdnet suprapatellar fossa which does not 
exLs-t any more in man of this day, and a sliglit con verity ^ espe¬ 
cially on the right, of the tjopliteal surface, a region which iu tlie 
jni^nt man is aa a rule more or less concave* Ttic left humerus 
shows signs of an injury in consequence of which it doubtless re¬ 
mained much weaker than the riglit bone* The proximal end of the 
left ulna has also been damaged in life. The radius presents a 
marked functional (nonpathological) curvatura 

A careful exoniinadon and compaj'ison of the Neanderthal skull 
and bones cun leaie only one impression an the anatomist or anthro- 
polcgiai of to-<iaj, which is that whJk individually and jointly the 
various parts represent a human being already far adyuueed above 
any anthropoid* they are still in many J’espects decidedly rnoni 
primitive in fortn—tljat on a lower scale of evolution—than the 
skull and iHines of any man of to-day. 

Tlie remains are unquestionably the most precious representative^ 
of the important phase of early humanity w'hkh we now include 
under the name of neajulerihijhit^- 

'tiilivir nU tba XthtiK Nmw of ihm ikoletoii, mo faf a* pn^rred^ Id to cobildmtlfim tOfi 
tUlurv U 103^ cm. En 3(t^ Annale-# d? F^l«QDtDlt:«le, tuL 1, So, 

Ima' P-« Rfflhoii, Fairli, ISSli mud ^Uffl* Ooa a^Aatlanpoi, Fatiii voL -I. 





PLATE 17^ 



The Neanderthal wtTH Poatidn of a Scapiula and Pelvic Bohe. 

fPhftErtffTBphotl torilkf f^bsi ilis nrtKltiAK} 
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THE Srr Sl^EEETDNa 

Iq June of 1886 Messrs Marcel de Puydt, niember of the A rchseo- 
logitTi] In^ituto of and Ma a tin in Ijohest^ at that time 

of geology of the University of diECovetiHi in tlu> terrace fronts 

ing a certain eavc at Spy^ the Provinee of XamuCf Belgium, the 
rtjuiAins of two hiiidun skelctoiL^t iiRj^oeintecJ wkh the debris of extinct 
Quiiternary animals. The discovery was Lmmedialely bmiight to 
the attention of Prof- »J. Fralpont, of the Liego Univeridty, and on 
the 16t!i of Aiignstt lS8d, he nnnoiiticed the important lind to the 
CongrJs ai't^hvologkjne of Xamtir- A little later in the same year 
Messrs. Fraipont and T^>he$t ptiblifilied an account of the discovery, 
with a description of the huiiiiin remaifis. iii the Enlktius of the 
Royal Academy nf Belgium.* 

According to the last-^roetitioned ac5C(Hiiit there existed in the 
aiglities in the coinninnity of 8p3% nlMjive the stream OrniHiu and in 



the side of a wooded ii^oimtainni a cave, in which dc l^iydt and Loh^ 
conducted archieologicul exploratiouj^ since August. 1885 (fig- 4)« A 
large terrace sJtviatcd In fremt of the cave had not L>eeii methodic^ly 
t^xarulne^l until 1886, and it was during excavations in this torraw 
that the tw'o invesLigators cncountcrcdj in June of 1886, the human 
remains know n since as the Spy skeletons. 

The lininas^ bone^ lay in the lowest parts of the depomta^ one ti* 
the other S meters in front of th^ enti-Bnce to the cave. They repre¬ 
sented twm indiriduals* One of these lay on ita side, the hand iondL 
ing Uie loitver jaw; in the case of the other the original position could 
not be detertuined. 

Thu terrace containing the Spy skeletons was J^ituated 14*5 meters 
(4T.5 feet) above the sliallow hed of tlie tdream running at the foot 
of fhe mountain, and the bones? lay at the depth of 13 feet from 

* Frilpoiil, J,^ iQd H- t.a net liirirrtSTif rts NMnOerthnl m ittf CftHfltjidlt fti 

ii«asiJiup. nt3][Ftii3ii 4t TAoiddifiie Biijaii- toC tx isso, pp. 

T4i-m, 
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Lho surface^ The acciimi^lations which lortued the terrace in{;luded 
calcare'OiiEf d^briSj various ftreli^ologicfil tmciee of umtfs pre^ncei and 
Tiumereoiis rcajains of foasii linioialB* They could be iyeparated into 
several strEibi, none of which showed any penseptible disturbance. 

The layer in which the human skeletons were inclosod ^delderi nls^> 
bones of the fcilUiwitig ftJKdl Quaternary manimab^ 

iihhifimtm flcAGrAiauff (ahiindant). 

Eqm» tvery nbnniluutt. 

tVrpifHir crfljtfAiri (rarej, 

Uef^m fdn^fiifiu (very rar«). 

IfoM irHmiffmim (fairly abundant), 
prtipir^^'nfatf (canuuon}. 

CTmt fljiirfirua (rare), 

T^xii» (mrel. 
itpeiiTu (qba[344int>« 

This layer fiirtlier eontiiinetl a sliver of an aniiiinl Iwne whicli 
showed a crude adaptation for use^ and worked atonea of inferior 
workmanship, referable to the I^rousterian period, nie htyer Jinme- 
dlately abovts iindoubteclly of lesser iifse, gave besides the bones of 
sitnilar fosait ouimab also those of a few living ax^ccies, several thou¬ 
sands work^l flints^ some of which still of the Mouisicriaii type^ 
itiiuiy worked bones icidtiding arrow points, and also fragments of 
pottery. 

Considering the unimal and arditeologlcal rcmivins aisociiitc<l" with 
the hutnaii skeletons;, together with the absence of di$turbajico in the 
siiperimposcMl moi'c recent layers, Lohest believed himself justilied to 
refer the Spy rcmaiiu^ to the Mousterien pericid [ and the deduetiona 
of Fraipont, based on the idudy of the skeletal reiiiiiiiis thetoselvea, 
ivere tlmt tliey Iwlongcd to the Neandeilhul cnati^ Since then the Spy 
reiiialtis have receivetl carefsil consideration by every student of early 
man and tlie above idnssification waa fotind to need no radical 
revision* 

Wlint remains of ihe Spy skelettins is pre^rved^ in die collections 
of tliu Utuverssiiy of licgVt w'hoie. thanks to the courteaie* of ilcaHT&P 
M. Lohest^ Charica Fraipont mnl *L Sfrvais^ the writer was eimhletl 
to exam me the originaljc 

The skeletons are currently ktiown aa No. 1 and No, 2- The rernnhis 
of Na 1 compriae the vault of the skull; two portions of the upper 
jawj with live molars and four other teeth; a nearly complete lower 
jaw, with all (IG) teeth; the left clavicle; tlie right humerus, which 
has lost its upper epiphysis, nnd the shaft of the left- humerus; the 
left radius^ without lower epiph}'sk; the heads ijf the two idn^; a 
nearly complete right femur; the complete left tibia^ and the right 
os ealcis. The parts that have been identified as lielonging to the 
second eubjeet are the vault of the skulU two portions of the upper 


* W^ufc, up (0 tiufi InTutan Id lOl-lr 
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mflxillii with teeih. two frogmentfi of the lower jaw with leelh, Eoma 
loose teeth belonging to the lower jaw, frugmeots of the scapulce and 
left clavicle, ifnfwrfMt humeri, the sliaft of the right radius, portions 
f>f the iilnie, the left femur without its lower estromity, the loft oa 
calcLS. and tlie left astragidiis. The seporution as hero gh'en needs, 
however, a careful revision. Besides the above, there arc n numlier of 
vertebra? imd smalt hones of iiands and feet alioot whicli it h im- 
popsihle to say to whicii skeleton they belong. 

All the skdetal pieces show au advanced state of mineralization. 
Tn [-olor they range rrom browtiisb to dark grayish, ?kuil No. I repre¬ 
senting tho former and No, 2 the latter shading; the teeth, however, 
are t[uite white, with yollowish rootti, nnidi ns in crania from rela¬ 
tively modern hiiriala. 

The hones of skeleton No, I are in general weaker than those of 
No. S. hut whether this is due to sexnal difference of the two indj- 
viduiiis. or is merely accidental, is difficult bJ determines. No. 2 
was of a decidedly powerful ranscukture. Tile stature of the Spy 
lujin, so for as it con Ije determined from these remnining bones, waa 
slightly h'ss than that of tho Keandcrthal man and somewhat lielow 
tlm iticdium nf white man of central Europe of the present Jay. 

Tlie bones of the vuuH in the two Ekulls are thicker thuu in the 
average man of the present ilay, though slightly less so than in the 
Neaitdertljal crunium. The stiUrea i» Imth are patent with the ex¬ 
ception of the coronal in No. 1, which shows conmieiiei?.nu’nl of oblit¬ 
eration: their serration ia very simple. 

Tfio two skulls are plainly normal si>ecunens, free from disease or 
deforinaiiim, uiul belonged to adults, appionching lu No. 1 middle 
age, while No. 2 was yoimger. Somntologicolly they ore remarkable 
for their important reseuLbhmees as well us differences. They boloug 
to one tyiw, but represent individual variations of this tj-pei that 
stand fai’ apart. 

Nol I (pis, is tilmost a repliea of tho Neanderthal cranliiui. 

Tliere is a fliniilarly proniinent, though not (juite as heavy, supra¬ 
orbital areh; the forehead is e^ eu a trace lower and ii Iruw more 
sloping than in the Neaiiderthal skull, and die general shaiJC of the 
vault is mudi tho same. The vault k abo very low, hut the .^gittal 
region shows a sliglitly more perceptible elevation than that in the 
Xeandcrdial specimen (fig. 5). 

Skull No. 2 on the other hand, while posaesaing similar prominent 
supra-orbitnl aivh as No. 1, has a consideratdy higher and more con¬ 
vex forehead, the whole vault is higlier as well as more spacious, 
and the form appitnidw® in many respects that in modem man 
(pi 21), Tluj brain cavity m No. 1 is anteriorly low* and relatively 
narrower, as well as somewliat more pointed, than in ttcenl human 
crania : in No. 2 these features are also more like those in the present 


man. 
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On the whole it WAT be said that Xo. 2, while in ^me resets 
^rv primitive, rep^eamte morphologically a decided Etep from the 
Neanderthaloid to die present-day typo of the humMi cranium. 



TO- Vt T ggrkiTli M 


KmdArthBil- 


... ipryNo-L - 


The lower jaw of Ko. 1 (pla* 1&, 22)* while y^ of a primitive , 
poBs egs es nevertheleas already a trace of the ehm prominenWt on 
^ze and aBatomical cbftracteristics is closer lo the present^ ay onti 
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tlian any of the other knoftu lower jaws dating from the Monsterian 
period; and the aame is true of the teeth which, though coiudderahly 
worn, were ovidendy much like human teeth of tcwlay. 

'j the two skulls when viewed from above is a long 

«void m Na 1, a shorter ovoid in Xo. 2 (Hg. 6). The prindpal di- 
iiiHnsione of the two specimens as sectired by the writer are ns 
follows; 

L«arth, maxfmuiu. fwitu slates la____ 

Instil fmiD opbryoiu,, _ 

Bn^dtli iBjixIoiiiin____ 

^ le IthIht ^ _ __ __ 

irotiM mlnlmuiD___ 

XaHidh bz^£iun tliJimgfgy__ 

r*Ltttjn?ter hrejrQku-InmUdji ___ _ 

Tliicluiettfi of tec left [HirletAt aIdc^! pad j h ih, liIkho Uu- niua 

>nou» jiqtupc ______ 

1 blclcncss cf tie froatal at the ecjIncaeeaL-,_ 

Qelftet of tiiwcr Jnw nl EirmpliTiilg _ 

TOlctocss at iwapliipiB (MdodJuff pailai tufmreial “ 

1 blcmtcaa et acniod niDlkw______ 

ilAxlmiMu telPknew (omtoBlte thlnj 

A cnirful condderation of tlie evidence prewnted hy the* two 
crania leads the writer to a slightly modified conelustoti from the one 
^erully n^pted. specimens are justly elnasitied with the 

llom& nroiuurfnafciM'fay but the charaeteristicff of tlio lower jaw tlie 
rinsing sagittal region in Xoi 1, and the whole shape of No. 2, harriog 
the supraorhitsl arch, indiisate a morphological advanoetnent in the 
tlmection of llie present tj-pe of man such as is not met with in other 
examples of arrou/rrifiafcHrM. Tlie crania, and particulartv 
jvo. 2, ^y be justly regarded, it seems, as approaching transitioma 
tems from the more typical older Neanitertliai tjpe toward that 
1 hieb we now know from the Aurignaccati and perhaps lower ck»l«‘ 

i>t^ epochs, such ns the Uotm attrignacensfH and the nten of 
■Predmosi. 

i: other skeleteS parts from the Spy terrace will b*; 

t 1 , •** *^^^®ton No. 2, the parts representing skeleton 

, ‘teg fewer in number and for the most p*rt very defective. 
1 .* , of No. 2 are massive and show many primitive features, in 
7 approach closely to the skeleton fmm the Xeanderthal 

iJr™ >*!? is dually choractcriiied by very stout neck and 

go head, the pophteal space is still slightly esonvex from side to 
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side, TLore is no isolate^l suprapntellnr fossti as in the !feaTuierihAl 
femur, but the ordiDiirT lower suprupiUellor depression is very pnv 
nnqnred. The curvatures of the lemur, the characteristics of its 
condyles, and the marked bsiekward inelinatiou of the mternul 
condyle of the tibia, differ all more or less from Kimilar fentiires in 
modeni Jiian and indicrate habits of pc^tui'i^ that have since been 
abandoned* The right femur (left bri^ken) ineaHiirK in bjcondylar 
length 42A cm., iu nm^cirnum length. 42,0; white the relatively short 
left tibiu incasures* Ics5 the spirse^ cm. These diiiionsioits cor¬ 
respond according to Jfi:iiioi3VTier'j& tables to the stature of 101.1 cm- 
for llie femur and 157 cm. for the libiuH, or about I5!t cm* (n little 
over 5 feet 3 inches) for tlie two bones together. The rigfit femur 
of the yeandcrtlial skeleton^ measured in the s^irae manner^ gave the 
writer 43.7^ the left cm*, which shows that the Spy man wiis in all 
probability somewhat shorter. Prof. Bonier in his Ajinales de Pale- 
ontolugic, (vol, 7, 1D12* p. IIT), cstimalcs tlic ^iaiiire of the Spy 
iiiRTi as identical (or 1 miinuicter higher) with that of the Xeander- 
thal inati, hut this is evidently based on erroneous data conccrniitg 
the length of (ho bone^ However, even the most pretus? estimates 
in this line can only be gross though useful fippioximations, for we 
know hut little of the length of the trunk in thesaC and the 

posture of the body in the early rcpresentfltives of humanity was 
probably le&s erect tbun it is in man to-day. 

The remaining bfjnes of the Spy skeletons show various anatomical 
pecaliarities and secondary primitive featnres, but ih^ call for a 
technical description and eoinpArisons- A rather unexpected condi¬ 
tion, found since in oilier skeletoEis of rteandrrfAalenifh^ is the y 

relative shortness of tlie forearms, as well ns the legs. The radius 
shows a marked nonpatbological cimvature; and tberc are a number 
iiilerc^tttig chaincteristics on the aetragahis, which baa recently 
l^n studieil with much detail by the son of .Tiilien Fraipont*^ 

Tlic region that has given ns the Spy skeletons has yielded no addi¬ 
tional remains of similnr uaiurc, but the terrain can s«-aTCeIy be re¬ 
garded iis exhausted by exploration- 

fallowing worka My he 4.‘4iuiil|r4 m IhU cOiincrKiKn: 

JoUeD tTnipon^ il. LolicOt, tur Iu dSAVniwU tiliiiuiDfl 

Urn d^pQ-ti qUAtCimlinfl a UBt ffratte I Sp7 e| diSlorttllBlLtlOQ d* |«ir Apfr 

(Se Iilolo0o, loW'? Gwid, FniliHint, J,—Lfl Ubll cbuii In ttutt d* 

H?Tue d’MtferDIwlDCle, aa MtitM, VoL 3 * isao, p, t 45 H *«|, 

ElAAtsch, li.^Kra. U AW4t, u, Enlwlfltlaikpirucl^ Detwibc, Dip wlcTiUjpktra 

VjtmtiJTOED nm Skektt rrelcn untEim Emtrpnntftt d«* SlEiiEcheil uad nsre OrfFrytUtlfir 
fUr ilAfl AbaU Enm unj ^frtfittm. 10^ iDOOt Fnippnt, Cbtrlei—L'^iriimgitlp de 

rJTommr? i^aijftefjED Ac Spy: pu nJOtjU^- Rulletln d.'ti in di^.UitlirafKiTcisiff de 

Urn^pll^ TOl. 31, lais, PT- 1-30. 3 da—S-DT rinioortAitt!^ dtm aifurif™ ds 

iAio-i.KMiE chKt. vuf^iwn* Tb^ onircn. do s*. Urmtiici, laiJ, pp. 

i-dc, a ptn. 
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THE DEtlTVIAlp WAV OF KBAFtVA. 

Ooc of the mort import ant finds relating to the n&(mdertKfi’ 
lenaU m nnqui^ionably that of the Krapina care, in northern Croa¬ 
tia. It comprises a whole series of himuui iranes of well-determined 
a^, and the remains were not recovered accidentally or by ignorant 
laborers, bu t tlirnugh prolonged, painstaking explorat ion. TIte hon^ 
themselves are for the most part fmgBientafy, whieli is much to be 
regretted, but they represent imtiicroils individnals, and they show 
on one hand such similarities and on the other mich variation of 



Pgo 


r-A wr». JW Tbnvibdt sBntDi, tv mi Eumii bwav. (Atur OarfuM 

Knunbcrcttr-^]! 

I^ppiwtfti*t»,<^ 3 mpw 4 V) toilLltftkl mtpnL. 


^nictiirv^ that they nue qf the groutest viiluq to the Htudfliit ot iiiicient 
niimnnity. 

The Krapiiia ii^vg or more properly roek fshelter, is an ancient, not 


Kraninica ^ sandstone rods by the small stream 

luvi^brouirhr^ suhsetiucnlly fiUetl with wster-wom stones and ah 
ttis rtiidtiS ‘“Esther with detri¬ 
tion of the hXw rock (%. 7). Since the forma- 

ow, the Xrapimea hae cut its channel so that it now 
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flows gg fept (25 metet^f) below the cave- Before iin<l while the 
slieltcr WHS lieing filled up it was utiliKed by the early tiitin of the 
region. Mt first lint oocaaionnllyj biter for Eojoe tittle perheijs eon- 
tin iiously. ttnd the acciimnJations in the cave were imgmentol bv the 
remains of Brepincea, by refuse iiicitiding iiuiriy primitive stone im- 
p eiuetits nmi ^rejects as well us nnimul iiimes, ntni also bv ntimermis 
fiuntan bones In more or less fragmentary condition. 

The locality became Itiiijwn in 18Di>. afu>r two ('poatiaii tt-adiere 
discovereiJ in tJie sijpcrfitiiii depositi. nf the imve sume tet-th of rhj- 
nocer^ and fragnienis of otJicr fossil boness. The® finds were 
l>ra«ght to the attention of some of liie scientific men at Zagreb 
(Agram). but no thoretigh esomination of the site was undertaken 
until IflflO, In Unit year tlie place was visitKl by Dr. K, Gorjanovifi- 
Kramlwr^r, professor of geology and paleontology in the rnivor- 
^ty of /agreb and the director of the geological division of the 
Narcxln, Mueej of /agn^h, Croatia; and on excavation it was soon 
found that the krapma hollow was in all probabilitT one of the 
suiliimis of early man and as sncli de^rvetl a thorough exploration. 
Such exploration was begun witliout delay and was carried on. with 
Mme interruptions, until 1905. when the contents of the shelter 
became exhausted. 

The careful explorations just referred to yielded quantities of 
precio^ paleontological and paleoanthropologicaJ maferkl, which 
now fill several ca.ses of the National Croatian iluscum; and much 
f this material has since been thoroughly descrilieii bv Prof. Gor- 
janovi^Krambergcr and reported in numerous publications.' 

Ihc coi lections consist of several thousands of various fossil animal 
Bones, mostly fragmentary, hut some well preserved; of hundreds 
of stone lilies the rejects of stono majiufactiin;, ond of stone imple* 

ments; and of parts of human bones prOi.'ceding from at least 14 
fikeMons, 

The animal bmes represent either totaUy extinct forms or sdis 
ties now estmet in Croatia. The most common are those of Hktnot;- 
croa I7nvs tpeheiit, and Beg primii^enim. By th®c re- 

Elkins thiO age of the deposits has been detenniiied as Diluvial 

(L e. ifUfrfflaei^l), corresponding in all probability to ibe latter part 
of iho Monstcrian culture epoch in western Europe. Tlie ^ne im¬ 
plements belong to the Mousterian and earlier tjqwa 
Due to the courtesy of Prof. aorjunovid-Kr^niberger and Dr F 
Suljc, of the Geological Division at the Karodni Slurej in Zng^b 

originals. This was n ot done with any need or hojw of adding any- 

SienoO t„clT.d« iStorttHT* r,b ih» up t. IMfl. ' * 
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thing to Proi CiOrjQnovid-KmmbGrgei's thorough liGscriptinu of the 
specimpiiSj but mtliiT IjtTAuse thp viOTv anj handling of thi? original 
objects in n Ouse of this importance is a rare treat which helps to fix 
in the mincL more tlmu anj description conhL their extraordinary 
clmracteristicfi. 

The human lx>iics are, for the mo^ part+ in fragments- Notwith- 
standing their defective condition^ howeveij the col lection impreses 
the student most forcibly fay its scientific importance. As in the case 
of the Mailer jaw and a number of other sperimet^ derived from 
early man in Europe, the material l>ears the untnistakiihle stamp 
of genuineness and preciouaness to nuthropology. Impressions which 
are woiiLing in the case of so many of the finds tlint are merely urged 
as ancient. 

The lx>ncs represent* as already mentioned* iho remains of at least 
14 individuolfl of l>oih sexes, rangiag from childhood to ripe adult 
age, Tlio fragmentation of the skulls (pin, 2^25) lower jaws and 
some of the long l^ines is ex<?esrive, and of sndi a nature aa to sug¬ 
gest that it w'isa catiscd otherwise than by accidetital breaking or 
crushing- xV number of tlie frngmmis show also the etfects nf hum- 
ing, and one epci'iruent a portion of the snpraorfaital part of a frontoL 
piwoni some cuts. These different condition-^ together AviUi the 
aWnee of many parts of the skulls and bonest with total lack of 
flSSoriaUori of the frtigments and the eommingUng of tlie htmian with 
the animal leti Gorpinruid^-Kramherger to the opinion that Che 

remains represent the leavitigs uf occasional i^onoibalistic feasts and 
are not faurialsp 

The Krapina bones arc whicidi* yellowidi. or li^t famwnish In 
color. They are not of great weight, but a chemiea) examimttion has 
filiDWii that tliey are much altered in constitution, particiilnrly in ihe 
fluorine^phosphates proportions. They may he roughly divideil 
into the parts representing the vault of the skull; the jaws and the 
teeth; and other bones of the skeleton than Iho cranium. 

The long and other botics of the ffkeleton* relativeiy less Interesting 
Hiua the skulls and jaws, fdiow the Krapina mail to have been, as 
comparefl with rentm] Eiimpean white man of to-day* of moderate 
stature, and ouUifle of tlie powerful javs^, of stmn^ thou^i not ex¬ 
cessive muscular development. Some individuals were very percep- 
tifaly weaker than others. As to form, particularly In the upper ex¬ 
tremities, the Ijones in genera i arc perceptiblj more modem in typo 
than those of the Neanderthal or Spy man^ nevertheless they present, 
oa well shown hy Prof. Gorianovid-Kramberger, numerous and im¬ 
portant primitive features. 

The fragmejiLs of the skulls diow that the bone^ of the vault were 
cooiddembly tlucker than they are in the ohite man of to-day. The 
cratkia were of good size extcrualij, hut the brain cavities were prob- 
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nbly below Ihe present average. Tbe vault of tlie skull was of good 
length and at the same time fairly broad, so that the cephalic index, 



at least in some of the individuals, was more elevated than usual in v 
the crania of early man (fig. 8). They were also characterized, as the 
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XeanJerllml aJid other rnuiiii of the man from the iltm^eriftii epo>:h, 
hv Icnrnea of the i&iiU, mid in every instaniTe luiiong the adults by » 
pmnoiineed, complete supraorbital ai^:. The la^t-numod feature, . 
thouch le^ marked, is plainly dbitinguishablc even m die children. 

Its invarinble presence is a definite primf of the fact, not quite vve 
establiBhed before, that this arc wns up to a rertaiii phase of the 
Quaiernary periofl a re^hir charucterbiic of the early man of a 
larce part of Europe. 

A mimlirr of intereeling features iin? prcsetileJ by the fntguients 
of the lemporala. The Tnastoids are less develoH than m 
to-duv, approsiching correspondingly the anthropoid foriu. tticy 
are rather slender and small, even in the adult male. The tympaiuc 
ring, on the other hand. Is massive; and the glenoid fossae 
horizontal or nearly so, as in man of to-day. hut are vciy iicrceptibly 
slanting in Biieh a rannner that their distai end is decidedly higher 
than the mesial. Many of these features connect the Kmpina man 
directly or indirectly with earlier primate forms, and have since lie:' 
«ime largalv reduced or idiminated in the liumim skull. 

The jaws' (pis, 2th and teeth, like other cranial parts, present 
many marks of Ichi advanced stage of evolution. The lower jaws in 
particular are very interesting. The symphisb or fore part of tlusOT 
bemes. while posscsBiiig already a faint trace of the future chin cmi- 
pence, slopes invariably more or less downward and backward, thus 
approaching the form of the mandible in apes {pis. if*. 2TI. The 
bones are ma&ivo and in miilca very high. They are akin to the lower 
jaws of the i-M Qiiina and La Chapelle skulls, and represent de* 
eidedly more primitive forms than the mandlbulte of any man of 
historic times, though they are considerably nearer to the modem 
type than the jaw of Ifaww. 

Of the upper mazilla thern; are eight or nine imjierfect spoei- 
menfi, the majority from young subjectfi. They tUffer in develop¬ 
ment and conformation, but primitive characteristics are numerous. 
(.)ne of the licst-preserved fragments, marked ”E" or pro¬ 

ceeding probably from a male adolescent and representing the part 
of the jaw from the right median incisor to the left second p^ 
molar, shows considerable height of the bone, a straight and cousid- 
enbly prognathic alveolar process, a very spacious high palate, pro¬ 
nounced Bubnosal fusso!, and broad nasal upertiire- 
The teeth of the Krnpinn man offer numerous peculiarities most 
of which point to lower stages of differentiation (pi, 28). Tlioy 
in general very perceptibly larger than thosie of the modern white 
man; their root^ specially, are longer; and there are various do- 
taib of form, particidarly In the crowns of the Incisors and molars, 
some of whicli arc related to anthropoid features. XotwithatluidiDg 
there facta, the Krap'ina teeth, and particularly the canines, are on 
the whole relatively near those of present man. 
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Taking O’i'crytbuig into coRsideratioD, it is evident that the diluvial 
tfifiti of Krnpina represents a group belonging to the famih’ of the 
Homo neamlorthoUii9i*. He ia very ancient and in niatty respects 
iinatotuicallj pnmitive, though he also ahou's in various details an 
advancement toward tlie netual human form; and ive can readily 
adopt Prof, Gorjanovitf-Kramlwrger’s opinion that morphologically 
the Krapintt nian is not any sjiecial, collateral, and eitinot bmncli of, 
the genus fftwwo, but more probably ii direct and not excessively far I 
distant ancestor of tlie Homo tt&ptons. ' 

THE riiE^TOCEHE ULAN OF -TEBSEIf {EHOlJUSBX 

In 1910 Ales^mj, NicoHu and Sinel, of the Island of tlersey, gave 
notice in .Von and in a buUetiti of ihe -Jersey Society/ of the dis¬ 
co very in an old cave on the Island of Jersey of twelve highly in- 
teresting human teeth, belonging to a man of the Mousterion epoch- 
The principal details of the 5nd, aocording to the clear account pre¬ 
sented by the two authors mid confirnied by the writer’s observations 
on the sX’^t, arc os follows; 

The cave where the nndent human reniains were found is known 
as La Cotte, or La Cotte de St. firelade, and is situated in a rough 
irregular cliff near the eastern hom of St. Brelade’s Bay, Jersey. 
At this part of the island granite rocks, considerably weathered and 
brokep, rise steeply to about 300 feet above menu tide level, the shore 
at their base being covered with accumulations of large, rounded, 
water worn bowlders ^plsi 39-31). 

In one part of these cliffs there b an irregular rough ravine or 
gorge, about 40 feet in widtli, which penetrates inland about 150 
feet. The aide walls of this ravine are, in a large part, quite Vet^ 
lical, and in the base of these walls on the left, near the upper ter¬ 
minus of the gorge, is a large cave whicJi bears the above name. 

Before its exploration, the La Cotte cave was nearly filled by day, 
Imwlders, and blocks fallen from the rnuch-weathered roof, and 
rubble drift in the form of a steeply sloping talus lay in front, ob¬ 
scuring a large portion of the mouth. Bemoval of this drift re¬ 
vealed the outline of the opening in the fom of an Irregular arch 
(pi. 31). 

The first ijidication that the cave had once twen utilized by man 
dates from 1881, when two local iiaturaiists, while “ geologiaing ” on 
that part of tlie coast, found a flint implement at the foot of the 
talus, and, tracing its source, came upon a slightly exposed section 
of tile cave fioor, Ttiere they found fiiut chippings, and one or two 
bones, apparently of a Urge bird, hut no Importance was attached 
to the discovery. About 1804, two members of the Socldt^ .Jeraiaise, 

E, T.^ iDd J. tm rhf cif itn? imiiwiaithit? 

ilWtUiQf itiww'n «■ Lft Cotls, SL ItnUlie. JfTwr- toL l^io, gtfft, l<Ki, pp. 

18* Kvprlnfct] In So* liqllftib ilfc In SnrWt< JrtvLnlie. fh i®.! 
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Mi‘. R. Colson axid l>r. CJicippuis. excavated u portion of the ex¬ 
posed floor scetinn of the cove tind found a eonsidentble tiumber of 
Hint implements mi] i*esfides that a (|uantity of l>one breeob. which 
eoiituined one tooth tind one metatarsal of a variety of horse. 

.Subsctpleiitly A'anous partial examinaiions of the accumuhiiiciiis 
ill iho cave restihed in the diseovery of implements^ and of a large 
nnmlier of Jlint duppLii^ All these are preserved in the Mui^euin of 
the Swit•t^5 ilersiaiset sit *^1. llelien?. 

In *Scptemljerj iDOo* finally, the Jersey Society decidetl to explore 
the cave systematicdlvj and Dr* Chniipuis* Sin Nicolle the ssecretiiry, 
and Mr. Cobon^ commenced work in that part of tlie exposed floor 
already mentioned. More Hint implements were discovered^ but 
at the commencement of October the work had to be abandoned owing 
to the rainy season and to the fact that the explorers were excavat¬ 
ing under dangerous condUions. It llien became clear that a coiisider- 
abie portion of the talus as well m some of the ihreateiiiiig rocks 
overhead had to be removed before tlie work could proceetL 
Thus matters remained utiiil July* 1910* when the sodety resolved 
to make anotlior atlcmpt at the exploration of the cav^, TTith the 
help of experienced quarrymen excavation was commenced on An- 
gust and after ;i little over three weeks^ work^ sufiicient of the 
nibble had been removed to reveal the form of tjie interior of tlie 
cave and to hy bare a portioji of tlie floor about il feet square4o the 
left of the entrance. 

The dimensionfi of the cave as revealed at this stage were as fol¬ 
lows; The cntTHnce was 2^^ feet in height and about 20 feet in widtlk 
Just within, the roof sloped upward into a rough dome SO to 32 feet 
from the floor. How bur the cave entered the rock could not be as- 
wrtained, but judging from the slope of the roof downward towards 
the back, U was probably some 40 to TjO feef- 
As soon os a portion of the floor had been reached a careful search 
and examination were commeneed* with the following results; 

The flcx*r proper whs not idearly marked^ for layeru of black soil* 
which proved to be a combination of ashes, carbonized wood and 
clay, were mixed up with whitish mas^ of bone detritus and day 
c*>mpacte^l into breccia. Flint implements imd chippinga were inter-^ 
5<pcrsed plentifully tbrouglicjut these deposits^ 

On the left of the entrance ami at a diirfaiice from it of about 8 
feei, was a henrth containing a quantity—probably a quarter of a ton 
or so—of wood ashes and carbonized wood. Clouse together, among 
the ashes of the hrnrth, were a few pebbles of granite and fdsite 
bearing indications of having tieen heated. 

The prmmce of bones was manifest nil through the layers con- 
glinting the fhair, bi\t due to advanced decomposition of the material^ 
the cave nut being u Ary one* only Iiere and there could fragments 
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retaining any form obtained. Nevertheless^ in one eomor, et u 
hlightly higher elevation than the eaiih-f thote was foujid u niLi^ of 
lK>ne from wliirh some flqtjcrmiaohlq portionis eould he secured; aJid 
a rare fill e.^iuni tuition of thb masti led to the most ImpoHunl result 
Ilf tlie ii.voavatJOELH to tills tbiiis namely^ tlie dificoverj- of nine human 
teeth. Thiw of tliese iiveiiei from the upi>er, five from the lower jaw. 
Tliey represent, as was later detf^riiiinedt teeth of both sides and of 
one individual, but unfortunately no trace of tJie once isnpponiiig 
twme was any more apparent 

All the bones and teeth recovered from the ciivo were taken to tlie 
British Must^um for determinatiozi, and Tym, ^Voodwiird and An* 
drews identified the specimens as follows^ 

AUfiMAt^ tETtii: Piirt iif teft. Sower preuioUir of the wooljr rhloort-rDS, 

noi Uvk^rh%niiit£ lasi nieauilar and ttrat inotar of relnilecr, HftnQifrr rnran- 
dwa in iJirEP sjwclea nliroreatty ns Iniw ns the airUHiu) : iiI 4 H-T cboeli 
leeEli of a iiiinU of liort^i iiorta of Tower laohirTf niid tippor obeotr 

tootn of a. InrBe ^iwclc* of Hfiw; lowor te^Ui in |sortloa of Jaw of one of 
Kinnli nnd left Incliwi’ of Bos. FSi^et* 

NiSe EiuuAN TEETH, wich anbseqncTlt rEcoTerj of foor otbetsL 
Ba 5 i!;s A!to 11011.^11; Fan of bom f!oie of ood of aamU BoriUs; jiortLou pf h utter 
of rPlrule&fi bone, probahtj from urtlcutatioD of fondeg of a deer: pelvic 
probably from a small 1 n>v 1 i]; and et piece of bonpp wblcb fell to 
pieces on irrooTnlp from p rhiiwceros. 

Among the fragments that could not be definitely determined wms 
apparently a portion of a human tibia. 

Of Hint instrurnents about lOO have been obtained- They 
witlioiit exception, of the well-known tongue^shaped Motisteriiin type, 
the ^ pointe n main of MoriiUet. 

The cave gave no evidence of other than one oecupation. and is 
tJiUfi probably free from the confusion which results when implements 
and remains of the fauna of difFer^iu periods occur together and 
have become mixed by the w-'ork of burrowing aniiuaL^. water during 
floodfs and other iigendci^? as b often the case itt similar deposita 

By their fauna and the uni form type of ^tone imptomenisj the Lui 
Cotte cave deposits are show n dearly to bo of tlie ^lousierion epoch. 

Further explorations of tlio site were carried on under the auspit^s 
of the Jersey Society in liFll and again in IP 12, They are repurted 
by Nicolle and Sinel and by Jfurelt/ They threw conaidenihle light 
on the nature of the cave and its fillings and were extended to what 

^ JiiffDll#, EL T., ibd SlBri. HpS»rt an tli« rwRipita of Cotte/* Bl. 

Breiad^, hf The Socl^rft ISll. fMas, veA 12 , Ifllx Nw. SS, m. Atfc 

in 'il* buUpU]] 4 k Is JfmsiPfr. iai 2 , |vp. 21S-222.1 

Ujir^tt, a* B. rii!lma3«D^ Mftq Oi lAf^rbiNlcPEU^t vab Oxford, Iflll, pp, 

Aloriftt, li. B. irurthTT alj*tTTatUm pneMirtorlc lEua In Jenej^ lAfclueGlowlfl^ w], 

05 , 1 (U 2 , pp, l-tS.l 

Marettx M. SL, ind 0. F. 0- n« Oruchy. ElclTlUoa of 0 rttnl^iif ponipB of 14I CottH 
di SI, Bn-lAEk Salletlii de U ^IrtploUl^k IQ 10. pp. 3:24^^3aQ.| 
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tiiay prove to iiave been a part of tlie saime hollow on the base of the 
of the opposite side of the gorge p Is Cotte de St. Bi-elade 
^ ^ifnrett), They resulted in the discovery lix both caves of 
numerous Rdditiotial dint unplenicafe^ all of Uie ^roiisteriiin type^ 
niifl in the older cxcuvatiou of more fi^giiieuLs of animal boties, 
referable principally to the wooly rhinoceros, the reindeer, a large 
variety of horse, and probably the Bo« primirjemm. But no further 
hijiiiun boniis op teeth came to notice. 

ileanti bile the human teeth ^ pi* 32) were sitbj ccted to careful es- 
amination by Prof, Keith, of the Royal College of Surgeons, and 
Air. Knowles, of the Oxford University. The result.^ of these studios 
were publbiheft in IPll in the Journal of Anatomy ant! Physiologr,' 
and later, with some additions, in the thirty-sevciitb bulletin of the 
(fera^’ hociet}'. Thp following cmijraces tlie gist of these reports, as 
well ns of the writer’s own observations.* 

The teeth are in an unexpectedly good stele of presenatiou, only 
the terminal parts of the roots being broken away. Their color ie 
dork brown, ndtli grayish wljite somewhat chalky looldiig crowns. 
All allow till advanced degree of fosslUzatioii, The apices of th-e 
msps were woim away in life and the finer architecture of tlie crown 
U as if faded, probably through corrcrsive actiDji of the moisture 
in the deposits that encioeed the specimens, 

Five of the teeth, namely a second left premobr, a first riglit'and 
a second: left molar, and the right and left third molar, with a part of 
the root of left incisor, belong to the upper jaw, while seven are from 
liie lower jaw, being resfiectivoly n canine, first and second pre- 
molar with seconti rnolnr of the left side, and a second incisor with 
Hty.'Oiid and third molars of the right side, .til are probably from tlie 
mime set and theLr characteristli^ are sudi that the ancient man they 
represent muat be ranked anthropologically as one of the most primi¬ 
tive yet discovered. 

The following illuatratioa (pU 33), ahows a reconstruction of 
the upper and lower dental arches of the St. Brelado man, by Keith 
and Kuowlea, and 1 he upper arch in the modem human skull, after 
.unniUghAm, It ta ^n at a glance that tiie Jereey teeth are larger 
lan the^modorti in every direction and that in coiise<iuencc the dental 
arches utemselvee must have been oonaiderablv larger. 
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ANCIENT HliUAtJiS IfF MAX-HHDLlCKA. 

jVuotLcr fcattin: in whidi tbe .Jewvy tt>cih differ even more radi¬ 
cally from the rcccolt is extraordinarily fstout roots. Tlie clia- 
metets of the neck and roots of the Jersey teeth arc almost equal to 
and in sonic case« exceed those of the crown, indicating that rela¬ 
tively great requirements were made on the teeth by the quality and 
possible also ([iiantity of the food* Such root^ indicate unmiatakobly 
strong mitsdes of luastication and a stout massive lower ja", prob¬ 
ably somewhat smaller but scarcely Itsct |iowerful tluin the still 
earlier Hlaucr mandible. 

The roots of tlic Jersey premolars and molnre are not only stout 
but they arc aLso to a large extent fused. This ia not an anthropoid 
feature, for in the higher ap«i these roots arc well apart. The fusion 
is due to great development of the ilentine and cement of the roots, 
brought a^ut in this early man. in the opinion of Keith and Knowles, 
by u changed manner of masilicatioii. churaeterized by more lateral 
bWidea vertical movements of the lower jaw. Other pruniUve fea¬ 
tures of tlie teeth are the early hi ling of the pulp cavities by deposits 
of den tine, thus providing an early adaptation for w-ear; the sire 
and characters of the hrst premolaia, which contrary to what occurs 
in present man are larger than the second bicuspids; and certain 
features of the canine ns well as the molars. 

Without going into more details, for which the reader will need 
to consult the originals— may Safely be concluded that the Jer¬ 
sey teetlt constitute another valuahk document of man^s ancestry; 
and that they sliow an early man, probably an earlier representative 
of the Homo n^anderthtdenaot^ already quite advanced in denture 
from the prehuman forma, hut still with teeth much more powerful 
as well as lesi specifically differentiated than those of present man. 

The cave accumulntiona from which these tcetli carae are, fortu¬ 
nately. still far from exhausted u'hicb gtvea hopes of furtlier im¬ 
portant discoveries. The first carorn itself still presents a large 
accumulation of deposits that have not been explored, and, as men¬ 
tioned above, there has been tapped a second cave in the reek oppo¬ 
site, u'hilc a eommunication between the two, as yet untouched, seems 
to lie behind the sagged-down rocks at the bead of the ravine. The 
distant parts of these hollows in particular demands examination. 
The Socidt^ Jersiaise, under wdioee auspices tlie explorations of the 
site liove hitheiio progreffitnl, will plare the scientific world under 
especial obligation by carrying the %vork oh with equal care to its 
cnnclnsion.* 

Ihli VK# a irrsDt liu ttKOu Itw DrlfHh Aswlitkia 

AdTibLXPD^nt Dr, li- IS: MAfutt, for furtfarr ■>X|iloriLt$im of ibe 

ukd tu il n.vx'iit WriiTT lii thi] nrlltr Dr. intlmalrt. Ilyvt th& work ttrttlff ITjIh fram 

Itu DQl 



538 ANS'CAL SEPOBT I^SlITREOMAS' ISSTlTUrtON, 1013, 


THE FOSSIL HAK OF LA CHAPZLLE*AtrX-SAmTS. 


One <jf the most intefcsting, best uuthemicoU>d, tind thiuiks to 
Prof* Mnrcflllir Boiile now [>ast-ltnovrn skcletonK of Kiirly L* 

Uktit rtf '* the fossil nmp of I*ti f.'haiielle-Atis-S«iijts. 

Ij!i t*huiM‘llfr-Ai(s*Saitits is ii snntll villugc in the Departmei of 
Coj’restG, nsjar tlie smtill railruiid stution of Voyrac tmd south ol tlie 
trtViii of Brive. in southern Fruncc. A little over SOO yal'ds from the 
village and beyond the Jeft Umik qf the small stream Sourdoire, in tlie 
side of u moderate elevation^ Lb ioeated n ciive, now known os tlmt of 
Lu Cliapellc'Aux-Saints (pL 3i)t, In 1305 orelieological exploratiun 
rtf Ukis cave was undertaken by three Correze priests, the abb^s A. and 
•T, Buuyssonle and L. Bardom 'fliese explorations which from the 
beginning were aliceessfiil, resulting in tlie recovery of numerous i^- 
dustriul and other vestiges of puleolitbic moD* progressed gradually 
Until Ute nniforni archeoiogieal stratum was nearly exlmusted, whan, 
on the 3d of August, lOOS, the excavators came across a shallaw arti¬ 
ficial fossa in the floor of the cave in wliivh lat' the bones of a remark¬ 
able human skeleton* 

The human hones were carefully gathered and sent to Prof. Boule, 
of the Museum dTIistoire Naturelle, in Paris, where they were 
cleonerl and, as far ax possible, restored; and the following December 
Piof. Boole denionstmted the skull, giving al the same time the first 
account of the find, i>efore the Parts Academy of Sciences.^* One 
week later Messrs, Bonyssonic atid Bunion presented before tlie Acad¬ 
emy llieir own ohservation-s, and these reports were followed at short 
iiiterv'als by several others before the same scientific bodj.^ 

Subsequently tbe skiiU and other parts of the skdeton were jfub- 
jeeted by Prof. Boule to a thorough study and comjuirison, and the 
results of his work nro publishctl in a series of coimnunLeations ex¬ 
tending through the sixth, seventh and eighth volumes of the An¬ 
nates da PsKontologie.* 

Tlie various reports sliow that the cave of Lsi Cbapelle-Aus-Saints 
is a moderate-sixed and rather low cavity, about G meters i[3.5 yards) 
long, 2 to 4 iiietora (2,2 to 4,4 j-anis) broad, and 1 tq'f.50 meters (l-Z 
to t,pp yards) high (fig. P). When first approached it was seen to be 
nearly filled with accumulations, which later disclosed numerous 
traces of man, and hy (Mhris of the rock from the roof and sides. 
Tlte deposits hearing traces of the presence of man were found to 


^ I-'Kokiiui' kAMlIf it IJ, Obji{i«ll«-.VDa-Siilol*. <c. R, Aiwa, le, tJ«„ 
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proceed from but one age and one culture, namdy the HouifterLaii, , 
The objects of fireheolegical interest reosvered during the escftTation 
comprise in the main worked stones of the well-know-n Jiniuiterian 
tj-pes, and retnains of bones of fossil nnimals, such as the reindeer, 
bison, //4?AorAinu<f, etc. Tlie nnimol rentnins indicate tlist 

tJic deposits date from somewbeit near the middle of tlic glaeiaJ 
ejHich. 

Under the accumulations the floor of tJie cavern was found to be 
whitish, \mr6, marly calcareous; mid in thk hnril base, at the dis¬ 
tance of a little over four meters from the entrance of tlie cave, waa 
located the nearly rectangular, moilerate-sizoil cavity* which lof]g«J 
the fossil human skeleton. Tlie depression was clejirlv mode bv thci 



Fhl, ».-Cj.tis at Ij (Attar 4 Barfmt, Uhl OMta.) 

Sfl^tlMtD*! mUou; iTUqilltr^ MEJgttfr 


primitive udiabitants or vLatoi-s of tl.t; cave for tim Ixidv and the 
whole repri^nts very plainly a re^jular burial, the most Mcient in-] 
t^ntional buriiil thus far diseove™;!, 

Tlie body lay on its back, with the bead to the westward the 
latter being surrounded by stones. The left arm was extended, the 
rjglu probably licnt so that the hand was applied to or lay near the 
head. The lower Umba were partly flexed. Above the head were 
found or four large flat fraeiuenlfi of long bones of animals, and 
^tnewhat higher there lay, still in their natiirel reUtion, some foot 
bones of a large Bovid, suggesting that the whole foot of the animal 
may have been rdflced in that positiun. About the body were many 


' lATy tti<.i4fri t m. t™iJ, antJ ^ cm, 
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Rak^ of qynrtz and Hint, some fragments of oehiie, broken aniiDal 
l«>nps, etc,, much as in tlio ns^t of the archieologieal f^trutum above 
the skelctoiL 

lliere wa^ no indicatJori that the depaaibs in the cave have liven 
mo vet] in any way since the burial of the human body. To the right 
of the fos5sa containing the skeleton tliere was an abundance of large 
fragmenrs of various animal bones^ of jaws and vertebra? of the rein- 
tlm% and vertebnv of a large Bovid, with some welbrnude implements 
of flint, The last-nunjed vertebra? and the flint implements were 
wvered by two large blocks of atone: and alcove these stones^ at the 
side wall of the cave, the earth showed the effects of fire- but it v^m 
not po^ible to determine whether this was of the same date as the 
deposits or the bunian burial l>eneath. 

Xotwithstanding the care taken in the excavation Bi>me parts of 
tlio humfio skeleton w^ere lost, Wbai remnins comprises the ritulL 
almost rompIotcN with the lower jaw; 21 vertebne or pieces of samei 
20 ribs or their fragments; an ioconipkte left davicle; tlie two 
humeri, almost complete; the two radii anrl the two ulna?, all more or 
less defective; a few bones of the hands and feet; portions of the 
pelvic bones, fragments of the right femur {from which it la possible 
lo reconstruct the bonej And tlie lower half of the left femur; the 
two pa tel be. and parts of the tibire* 

Tlie state of preservation of the specimeos is exactly like tluit of 
the animal bones recovered from I lie deposits above the burial fosso^ 
They are ferruginous in color^ heavier than any corresponding recent 
human Ixiues and very peiwptibly mineralised. 

Due to the kindne^ of Prof- Boule the writer was enabled in 1912 
to see the originals of the Chapelle-aux-Sainis skekton. At ihiit 
time, however. Prof. Boulezs investigations on the specunetiS were 
not yet completed, in consequence of which it wns not possible to 
undertake any detailed study on the bones, but even a brief examina¬ 
tion WPS siilKcicnt to impress one deeply, particukrly in t!ie caae of 
the skillL with the great scientific value of the remains. Tlicj^ repre¬ 
sent imquestionably another preciotm addition to the ropidly aug¬ 
menting material evidence of the highly interesting type of ancient 
man. the U&mt} n^anJerthut^n^i^^ 

Sinct> the writer's visit to tlie Pari^j Sfuseum, Prof. Boulezs n^ports 
on the La Chapelle i^kdeton have been publish^ in full. 'VVitli these 
wdl-illiirtrated reports os well ns a plaster model of the skidl^ and 
witli what it was feasible to observe on tlie originals^ it is possible to 
p^vc the following brief notes on these spccimeua. 

Thi^ fji Clmpelle skull* ncitwithetaiiding its many peculiarities, is 
plainly a normal sperimen, not affectcfl (except in tiie dental archesl 
hy any dLsease or by any premature elosiire of sutures {pb. 35, 3fi). 



R*puf, 1915.— 
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A:<CXENT EESIAINS 01:’ MAX-liiltH-lCttA. 

The akull is tlistinctly innsculine, niul procewls from Jiti (tiluli itf 
sotiiewhat uOvanocd nge. 

Its vault is remarkably like tbal <>f the Xeamlei-thiil onuiniiij, 
Lhaugl) somewhat larger. There is ihe same huge, protiiinetit. coni' 
plete siipmorhJtnl arch. Tlio jiasal process is ccjinilly broiwl ain1| 
sloping considertihly downwanl and hsickwarrl. "Due lo the pX'O' 
noiuiced siipraorbitsil arch tlic iiplier half of the orhitS) as^ in ^the 
Xcanilcrtliul skull, has a somewhat forivard and downward incllna- 
lion, wholly unlike that of any man of to-day. Tlic forehead, whik 
low, is somewhat better formed than in the yeandertlwil anil Spy 
No. T crania and less sloping The sagittal region is smooth and oval 
from siilc to side, Tlie occiput is broad and shows a fair protrusion 
but a« general in the Neanderthal type of skulls and in liarmony 'with 
the rest of the vault, it is decidedly low. The ouiline of the vault 
when viewefl from above is o prolonged ovoid, mildly aaymetric in 
its jmstcrior portion, due to a slightly greater shte and protmslon 
backward of the right side (pi. 37), The mnstoids are remarkably 
moderate for a male skull and one of tlris size, approaching in this 
respect the curl let- primate form. The zygomae are stout and widely 
expanded, due to {xowerful temporal muscles. 

Tlio bones of the vault, again, as in the Neanderthal and other 
crania of this type, ate thickor than in tive skulls of modern man; 
ncviythek^ the capacity of the skull was quite targe. Prof, Boiik 
estimates it at from I,QOO to 1,620 c. c. This indicates not ncce^rily 
a superior brain, but rather one suhsenung to largely developed 
organs and powerful musculature. 

Tundng to the base of the skull, we find that while the glenoid 
fossw, excepting their large size and one or two other peculiarities, 
are more like (hose of recent man than tliose for instance m the 
Krapina crania, the foramen magnum is of a very large size ’ and is 
situated, or rather extends farther backw'ard than in man of the 
present day. There were probably other primitive features of the 
base, which the damaged parts do not allow to determine witli cer¬ 
tainty (figs. 10, 11). 

The facial parts show malar bones witli powerful frontal and 
zygomatic processes, but rather small and not prominent body. The 
nasal structures indicate that the nose was quite long and very broad; 
but the lower borders of the nasal aperture ar© already fairly sharp, 
as ip more modern cronia, and the nasal spine, though bifid, was well 
developed. 

The orbits ara not exces^vdy high, but are spacious and deep. 
The suborbital (canine) fossm are totally absent, the maxilla allowing 

' COTrt|Hn5rtlo;5 to A ftloDt aplm! ford, whlrh Jjt roitrilljp uwcIiiIehI with a 
antii|«pm«Dl rhf tnotor ATifrffi iStl &tW pirti ftf the IMj, 
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in their pldro even u slight conv^ity. Tt>e lower purt of the fecc 
«s prognetliic. though evidently not eitcossivolv so. The dental 

suppurative prooeffl. as 
the r^dt of winch nil but one or two of the twih in the two jnws 

^u«^by absorpuon. All tli.it can lie deten.iined is that the sul> 

^il portion of the r.pi>er jnw was i]iiit4j liigh, and that the palate 

WHS enoriDous, * 



^ "praJu*! lij >l«Clirfy. finiliiaooUB B*parl far l« 9 ,J 


ward is largn, ^ut, chinlees—though not sloping back- 

hieh hto ^iT and otherwise primitive. It was cloulitlesa 

and ab»on>r* nction of the ajreolar process through pyorrhuia 
Zract^.^ permit a de^te appmciatiJ'of this 

it ^ premolars remain in the two jawg, 

Iki" dn,ll moa I,.™ 1 ^ 7^tr^. "" ” 
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The long and other bones of the skeleton are. on the whole^ less 
remarknblo than those of the N’eanderthnl or Spv remains, tmt the 
peculiarities und primitive features which they possess arc of much 
the same order. The stature of the Chapelle-nux-Saints mim is esti¬ 
mated by Prof. Boule to have been about l.Cll meters (5 ft. 3 in.), 
which is close to that of the Xeanderthal man and tho man of Spy. 
The bones are robust; the extremities of the long bones are lar^. 
The radii and ulnx and especially the tibis and fibulie, are again, ns 
in oUiei' skeletons of the Ncanderthnl ty])e, relatively short. There 



An. tl.-ravnMI> ot- «ee or e CArarAHixi, T1« cuatUH or L* C?Mi- 

ism hut vr t. nmuiu Velicdmii nrmrrME^. urn 

wta A eoHiiox it™ fijir*L me LBiwia hce. iaAct Bimie. 


rr^^Eind hf |l«e€^]rd7, firnttbigtilui lltpon fcr ISQQ.J 

Bi,, Mmml Ni., ^iitQT3„ 


is also the pronounced curvature to the radius; and there ili'e other 
peculiarities about the srpecimens an enumeration of which in tb?f^ 
place is not feasible. Certain of these peculiarities indicate, aocord- 
ingto Prof. Bottle, that the individual from whom the Chapelle-nus- 
Saints skeletal remains proceed had, in common with others of the 
Neanderthal type, not as vet leached a fully erect posture. 

The study of the brain of this individuafTBO far as posibie from a 
cast of the cranial cavity, also shows various features of importance.’ 
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Amimg the more Htridly huiimri ekarEiirtcrktic^ are its inrge 
nonofllly ulways u very favamhlo feature, tboijgh not necessarily an 
index of high intelligence;: a protloniinance in siiM of the left over 
the right hemisphere: and certnin other anatoniic^tl feature The 
mure siniinn chnrdcteristitsa inchidctl esjiecially the gimeral form of 
the organ. the evident siniplkity imd coaiisoness of the C 30 nvolutions, 
and the rchitlvdy poor development iif Uie fruiitd pnrtet ^hich is 
mopt? piinted forward limn obtains in man of to-day. “The bvairij 
on the wholci^ to (piote Prof. Boolo^ “is alrcadj human liy tlio 
ttbtmLlunce of tlic cerebral substance; but this substance ia still luck¬ 
ing the advanced organization which clmracteriswa the brain of the 
actual 

Kegrettublyj the lai Cbnpelle-a us-Saints cave has now been com* 
plctely exhausted^ ao that no hope can be entertained of securing 
turner speeifnens fi-oin this portkulnr spot; but the aile lies in a 
region which is under careful scientific ob^er^'alion and other im¬ 
portant dbK:f>vcrjes in the neighborhood may yet possible. 


THE ** Ua QUINA SKEEETOK* 


On the ItStb of October, IPllj Dr. Henri Martin* a physician and 
archeologist of Paris, reported before the Acaddmk des Sciences of 
Paris the find of a very letnarkftbk ancient human skeleton, at Tju 
Q uina, Department of Chiiiente, in France.^ “ We have discovered " 
he «iy^ “on the I8th of September^ at Quinn, a Inimun skeleto’u 
of the ^enn(le^thnt type.’' ft lay in a horizontal poalUon, in clnvev 
sand, at the rlietance of 4.5 meters from the base of a cliff. The‘do- 
poBits in which it rested represent tlie ancient muddy bed of the 
ncnr-by stream Voultron, and belong, arctja»logifsllT.'to the lower 
.^[ousterinn epoch. The clayey sand was covered by dSbris from tha 
djfT portion, which- tn former times extended sLeif like over the 
stream. 


The skeleton lay 80 cm, (2.6 fh) deep in the «ind, and was not 
surrounded by any objects which wonld indicate an intentional bnriaL 
Its location and position seemed to show that the body was deposited 
where It lay accidentally. The clayey sand contained a few dis- 
tiemmatcd worked stones and a few bones that have been utUiwd by 
man. but showed none of the liaiidsome piec« which charauterized 
ibe wi^nor llouBterian epoch. The age of the skeleton is, in ah 
^**^1 ^ '*3', teferable to the earliest purl of the middle Qunternarv. 
Bill*. * have suffered from prolonged sulnncrsion and nres- 

—-—jti^ from the first instant it c ould readily be seen that 
ic'srlw' ““'--tWE.w, ^ 
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tho cranium presented in n high dagree t-ertuin primitive character* 
Istiea in which it appitsachta those of the Keandcrthal type. 

A little later in the year Dr. Martin oiode a sotnewliai more e-tten¬ 
sile report on the find before the l?rehistorjc Society of France.* 
and in iOlS he published four other accounts relating to the dia* 
coverr.* From these piiblicationB it apponrs lliot archeologicnl e^s- 
pJors'ttons at l.a Quina lijf Pr, Martin and others bad been carried 
on intermittently for seven years before tlie human skeleton came to 
lightj yielding many esamples of paleolithic ^onc industries refer¬ 
able in the main to the upper or younger division of the Moueterian 
epoch. In addition a number of human teeth and various fragments 
of huiujin bonea, belonging to the upper Monster ion, were encountered 
during this time, but none, barring perlmps a larger portion of one 
lower jaw, are of special importance.* 

The sandy layer which contained the 1 j* Quina skeleton yidded 
some worked stones representing lauce points, knives, and scrapers, 
hut all of inferior workmanship. Evidence was also found in traces 
of fire and calcined bones, that man of the period represented by the 
skeleton lived or took refuge in the caverns or holes of tho cliff above. 
The snimals on which the La Quina man lived were the reindeer, 
bison, horse, and rarely also the mammoth. The total Moiisterian 
fleporits at La Quinn indicate a long duration of the epoch, and one 
during .which man advanced conaidernhly in the way of manufacture , 
of his stone utensib. 

The bones of the skeleton were taken to Park, partly still in the 
sedimenta with which they were surrounded, and were then most 
carefully worked out from the matrix (ph 38). The different parts 
of the ftirutl, it was found, besides being disjointed, were forced to¬ 
gether GO as to overlap, whito the facial parts were broken and to a 
large eitent deficient With what was left of the jaws were 14 of 
the toelh. , * - 

The remams were seen at first sight to present-a number of impor¬ 
tant primitive chameteristics- The frontal bftne showed a very pro- 
nounccfl supraorbital arch, with low and sloping forehead; the vanlt, 
it could readily he determined, had been low; the tempoml fossm 
were spacious, for the accommodation of powerful temporal muscle; 

VjImlB. Uelirt. PMrtllallfla fl'mt crtait bcnuJii trtflT# itet It mueletn a I> Itou 
<!vi UouW*ri«a J* La QaiU l<3iartqt<v (ButlrtlB d* )• Boclik* mtWlflrlii ub mtKOlM. 
S^aDcv dn 20 Oct, lUll, PP- 1-lC. S jl*-! 

• A da la d^TOOTcn^ da I T l WBin o fooilLc da La Qutno. i Annalfii da la Faraltfi 

d» lAtipra da BardcAU, Ote, 4tb aariis, rtal, 14. IWC. ppi. Ol-W.l Lb Cfto* da 
rbomou foHltf Uqufttrtan de La Oulno. (C B. A. T. A. .S,, 1912. pp. KT-flJta, i 
LtflnifliB fttiiLt!! llotutfrln da l-i Oillaa (Ball. &3C. Prihllt^U* FrtUnOla*, IBia 
pp, l-aa. 4 tilAl. and PisolLl^.o tlrmtlRraplitquB dM Oaonvanu tamaliia ncwsUlla datm 
la MdoatblFQ da La Qnfaa da UWfl A 1911 (BnlL Soc. PrOilat, rtUgOlOa. 1912. pp. l-U, 

I dL) 

■FltlnriC lb tba [mbUcatlan law bawod la lootnata 2. 
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tte juw& p&rticiUBfly the miuidihle^ were heavy; md the teeth were 
large in lM.%idi^ ^Dwbig other remurkable featiireih 

In Jdne^ Dr« Afartin kindly showed the precious originab to 
the writer At that time the skull was already fairly well restored, 
and impressed one its a typical, though not very masrive, reprosenU- 
five of the Xeanderthai type of cranju (ph ^). It presents the sanie 
ejctraordinary suproorbititl arch:, a similar low forehead, simllariy 
lovr vanity and ^uriiUr ovoid outiirte when looked at from above, as 
the Xeanderthah Spy, Gibraltar, and otlier fckulb of the group; but 
tike occiput b rather more protrudUig. The lower jaw b stout and 
endently possessed little, if any, chin promineuee; the teeth;, though 
considerably worn off, are very large. There is nothing pathulogicul 
about the specimen or other part^ of the skeleton. The individual 
frojji whom it proceeds woe ati adult of perhaps 45 years of age, and, 
in the opinion of Dr. Martin, supported by the relative gmcihly of 
the bone$, it was a femaJe. The skulL as wdl as the other bunes, 
ifliow advanml state of mineralizatinu^ The color of the skull is 
ocher to brownish yellow, with areas or ramihcatlona of darker 
brown. As to the teeth, the dentine parts are darkened, hut the 
eoiimol b well preserved and white. The other bones of the skdeton 
arc yellowish gray. 

The long and other bones, so far ost saved,, inditmte an indlTidua] 
of uiodemte ??tature and good, but not cjtcessiYe, musEulitnm 
to the iletailed charucteristloa of the bones as well thorio'of tlie 
«kiilh it will be nece^ry to await the complete report by Dr. Martin. 

An iugcnimis effort at n reconslruction of the head and neck of 
the L.1 Quinzi woman by Dr. ilartin will be found in the BnUetin 
<le la Soci^te Pr^historique Fran^aige- of 1913.^ 

■mE MQVBTrm 

.^fill anotliet hi|£hly in tercel tig and seicut ideally valuable skeieton 
of early man, recently discovered, is that of the so-ealled 
fnoUMtenenMh HaiLseri.,’’ The skeleton is prfe^et^ ed in the Museum 
fur Volkerkundc at Berlin, where it was sera by the writer. It waa 
<liscovercd in Alnrrh IMS, by O- Hauser, during archcfilogictiJ exca¬ 
vating m what is known os ^the low'er Moiistier cavc^” or ^paleo¬ 
lithic station number 44,” at Le Moiistier, in the vidley of the Verfre. 
Department ul Dordogne. Frauen, and was eventually purchasetl 
from Herr Hauser for the Berlin Museum. 

The cave in questiem (fig* IS), or more property rock shelter^ whm 
exc&VMteil gave numerouH evidcnocs of msn^s occupation^ but no bu¬ 
nion bona^ Tlie akelfH^n under eonfildemtion was dlscovured in the 
te rrace in fnuit of the cave. uJuic^ vertlcaSly below itss entrance. It 
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lay ahaiit B fMt deep aad do di^Drbaoe« )D tltfi su|)«rimp(nMl doposiy 
wjts noticeable 

The human Imnes were uacov'ered with great care in the presence 
of responsible witnesses, then covered again with earth and left in 
sitn for several luonthi:, thongh ^own during this time to & number 
of visitors. In August they were exposed for Vircliow, v. d. SteinoD, 
Kluatst'h. and other scientidc men, and Fmally, two days afterwords, 
in the presence of Prof. Klaatsch, they were gathered from the 
deposils. 

A somewhat picturesque account of the discovery by Hauser will 
be found in the 1009 volume of the Archiv fur .\athropo1ogie.' The 
skeleton, it appears, toy no its mde in a natural position, with the 
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ri^lit hnnd under the occiptii, the left extended along the bcxl^p 
Abotti the body and among the bones were found seventj-four worked 
Sint^f ten of whidi wer« of a well-de&ned forms On the skull restful 
n dmrred bone of a Bm jrrimigemm^ and in the neighborhood of the 
thorax lay a tooth of the same nudmoL Besides this, 45 other frog- 
nientJ» of animal bones were gathered in a close vicinity to the human 
remains. 

* mailtilfti. r|i 4 0. ndUi«f■ noHso aioailJftlBtistH HAtlMri. mti llldllliVliJir Sb^lelt 

rultd im DeputmiMot Dordofto* imd «iriss 7SttcvSii4ii(lDait mtiB NttndeTtMJtT^qk, (ordiit r. 

Aolbniiwlotlv. Jr. F.. rot T. IWO.) 
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The examination of the human bones was be^n on the spot by 
Prof. Klaat^h, who ovenhially reached the foUowiii^ concliiaioiis: 

The skeleton belongs to an adolescent of perhaps 16 yeors of age 
and probably of the tiialo sox. The height of the boy, ns estimated 
from the long Iwncs. was probably 1.45 to 1.56 meters (4 feet 6 inches 
to 4 feet 11 inches). 

The fibtll (pifi. 40, 41) notwithstanding the youth of the subject, 
dtows n number of ehamcteristtcs which ore peculiar to the Xeandcr- 
that group. While of a good sixe, with only moderately thick bones 
of the Vault aiui the latter of a fair height, it shows nevertheless s 
ratlier low and sloping forehead; a well-marked complete supra^ 
orbital arch or torus, which later in life would doubtless have become 
much more prominent; relatively large dental arches, with large and 
in a number of particulars primitiTe teeth; a massive lower jow with 
complete absence of the dun cminenoe; and other interesting features. 
Tlic glenoid fossm, especially that on tlio right, show an indinatioo 
upward and outward, as in th^ sknils of Krapina and ns in the 
skulls of children in modem man. And there are a number of otlier 
characteriiiics on the Moustier skull and skeleton which connect the 
latter morphologically quite closely with the man of Krapina. 

The long and other bones, so far os preserved, pos^s also nu¬ 
merous primitive characteristics. Especially noticeable among these 
ire the relatively large extremities, particularly the head pf tlie 
femur; a stroug development of the external condyle of the thigh 
bones; the iieeuUar cutwature of itic same; the very marked curvature 
of the radius, etc. Klaatsch ivadied the deduction that the skeleton 
belongs undoubtedly to the Homo neanderikaUntu varietv of the 
early European. 

OTHER SKE.LETAI. BEHAtHS OF ANCIEHT want ZH EOBOFE. 


In addition to the more importiuil skeletal remains of early man 
dealt with in the preceding pages, there exist, n 



I launacn. Une of theses a molar 
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Tflubach neur einmt', Ocrmany, in 180*2, by A- Wei«s, The ciftwn 
of this iiwth sbnvrs oonaidei’sble wear ajiil this, with dther character¬ 
istics of the specimen, credtcfl si first an impression that tl)C tooth 
was perhnp not hiinutn, Uiter, howwor. the tooth was nccepM 
an proceeding from a human child, hleimwhile one of the hihorers 
at Tanbadi discovereti in uqiiully old deposits a first iiormuncnt left 
lower niokr almiit the himian nature of which there can be no 
({uestJoii, and this tootlj also sliciws varioas primitive features. Both 
thew finds have been reported upon ami the specimens rleecribed by 
Nelirtng.' The permanent molar Is presemd in the musenni in Jena. 

Other specimens belmiging to this category arc the more or 
defective lower jaws of La Jfuiilettej Malaraaud, and Sipka. The La 
^’aulettc■ jBW was found in ISCG by Dupont in a cave at Ln Xanlette. 
Bel^uni, together with an ulna and ti few other fragments of human 
bones. The tod was reported and the bones described l»y Dupont in the 
Bulletin do 1 .Vcadi^iie Huyalc Beige, second series, volume 12. iSfSfi 
and by Topmanl in the R^vne d^Anthropolugic of the same vear. 
The ongmaJ ^imen is preserved in the Musm Boyal dUistoire 
-VatureUe, Bmasek It is evidently a portion of the lower jaw of a 
sti adult female. It lacks all chin prominence and shows primitive 
features of the alveoli and hence teeth, such as a broad root of the 
canine with the central groove on each side, and the very pereeptiblv 
m^aging size of die sockets of the molure from before backwards. ’ 

The lower jaw' of Malaniaml was discovered in 1880 in a small 
side chamber of the cave of Malarttnud, near the village of Mont- 
wron. Arize, France. It lay 2 meters (about 7 feet) deep beneath a 
luj-er of stalagmite, in a moss consisting of a great quantity of tones 
of Quaternary animals nod reddish clay. Tliu Ume is that of an 
adolesmau the third jiiolnrs being still in their sockets. The teeth 
are niLssbg, with the exception of the first right molar. The Jaw is 
not of great size and b rather law but stout. M the Lii Xaulette 
specunen, it hicks the chin prominence mich as characterizes the lower 
]xkVr of modern 

The Sipka specimen is a fragment of the lower jaw of » child 
probably between the eighth and lendi year of age, it was found in* 
1S80 in the bipkii cave, near fitraniberk, Moravia, by Dr, Karel J 
ifasku, the deserving Moravian ttplorer, It shows six teeth— 
three incisoi^ the right canine, and the two right prcmolars, the 
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thm last nttitied mt yet cniptecl- The hftm Is very stout and showii 
other priinUiv-e fiyiturps* Tiut the chin was already sliglitlj developed. 
The original of the Siplia jaw is still in fch-o care of Prof^ ^la&kit at 
Tele, Moravb, where it seen by the writer,^ 

Among the specimens whidi while induliitably ancient have not 
as yet been cornpleteh'' or finally descrilied, abouhl be Tnentloneil^ in 
the first place the parts of die several sheletons discovered Iwtween 
[1K)0 and J&12 by Capilati mid Peyrony, in the late ifoiLiterian 
archeological deposits of La Ferrassie, and the child% skull found by 
the same esplorera in liK>9 in the cave of Peeb de Pnear Sarlat 
iDordogne)* France. Tlic writer has seen these specimens, which 
are preservoil auii are being restored in the Museum dTIistoire Nn- 
itirdle^ Paris; they are in tlie care of Pi’of. Boule^ who wLU eventu¬ 
ally describe them* Certain oliservations on some parts of these 
flhelctons hflVfl already been indttdeil in Prof. lie's reports on the 
Chapelle^aus^Saints^ i^keleton. He bolds that the remaiim belong to 
the II&m 0 Xe4ind^rfhahtL$U-^ 

Among the ancient but less definitely determined ‘ikeletal renminsj 
and among tbo^ belDUging to the younger paleolithii;: (Lnfcc. Quat¬ 
ernary) period* there may be mentioned especially the Ocho^j® 
Biu.v (Most),' Brno (Briltm) No. 1,^ Canstadt/ Combe-Copelle^ 
Eguisheurit" Galley Hill,® and possibly the Ipswkh," f^balb and 
skeletons. For the often not full)' sfttisfnctoiy' details concpmLng 
these sx^™eils the reatler mnst lie referred to the original piibli- 
c-^itiaiL^ 

^ Of special importnncc, however, hi the tiiiignilit'ent callection of 
ancient skelcta! reinains dbeovered ut Pfedmosi, Mom via, by Pro L 
K. Ma^ka. This apicndid materiah whirh of I t Iminiui 


■ l^ 4 jr AilAllfia iii'firrtptliHi nf ihw ^{j]'1i;» nail Uw Imv* with lEii« c^rUor HErr^tarr n/ 

lat AM, ^ l^fVli —Der aUuirtMlt* HefllHta In Neutlt3fcdH«tm 1880. 

‘S'eir ftr*l njncfiTilBtf lepn? fljMli, lUni Urn 

rciltKtIpiiP dp rh144iht?l«»diP dij Mui4^l» <1/AalbltEpOiliti^rt toI. 2C, imi, pp^ 112-11^.1 

CiplmiiH Ihp Ahd rcjT«a;r-^ELat34D pffbivtorlr^ui' Se Ia FctzahIc. (Ic?ni4- nHEbitkitolodaWr 
*12, lOlS^ pp, 2LM(e,i CApilu^ L. L. f^jrany^ Trait qwT^TitH aqnrlctti^ hnhutiu 
ftfWFlI^SL iBfiTitfr ipllLRipalnicliini.', Nnr.. 1012. pp, -laiV-f-lOk ; Apd niwTn*l*ti- |L—D<rr 
drr VnrirLl. vat J. 1012. pp. 1-14-14^. 43lt 
*tl«bAfcp A. VvrtwnilluaKT'ci dnl ii«turfurPchfii3i1vD S-rflpa, T4t 41i|p IWiTr^ And 

adtAchrai dtf# 3klihilHbi!a IjiBtiDAinusfnHiH, vpl. It Tti-ncia, llPnOp |jp. !:!T7-3ia, 

■ ^bwnllw, n. ainillFn Aor Var^rhklnA Mratvhiiar 35i'UAf|i rift IHr Itni-phukicte 

fuitl ABtlm[»Ql(wlrF fii>i]Eli>rLBft, 100$^ with PlatTAph^* 

■ KAknwAkjr, A. D^r MimPfh lier DUqvIaIiiiiIE Mlbrviu. nrUcm, |SBO« Obrtniuifr. 

Uwr MrmHfh iSc-t Vonrll, 1012* pp. 

■“Hnmift AitH^tMCAiulA lUtiiwrl'*; tOlutiichf U., And O. UiOKr.—erthltt. S^ellKhr.^ 
ItOO: And tCLAmtAch^ It.— Di*‘ AaUxnAmw utiA fchp» rtt^IlQiLA In HrAmmiiAW drr 
ItrtipHitHit* i?^LUcbr* mimK 1^1 

^ P. friAiiif'DtA itc< crbia hlrniAtni? tTFifulflbEJin- fBeUl. Sof. U^VetllLro^ PaHa; 

2Vl PiJ-lA l^T, pp. lSP-1311 1 eehwATba, tlvr 8cli4del Toa Esliihwliai BcUUUv 

inr yAULropala^ BIaiia T*o4briii«eA H^t 3, StTAMbiam lOOfi. 
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skel^tou^ sciDae of them almost compkte, with additional Hkcltjtal parti3 
from MX other bodies^ i$ now being iftudied by Prof* J, Matieg)cn% 
tbo director of the Anthrnpologitd£y of Pmgiiep The writer 

has seen this eollection on two occnsions and he regarris it as by far 
lha mo^it import ant assemblage of tuAterial from the transitiofiai 
period between earlier and tlie latent paleolithic forifis. It repre- 
i^ents in a mee^ure the jmicl:i seard'ietl-for bridge between the Noan' 
dertiiul md recent mim. ArcheologicoIlyT t^bese valuable skeletons 
belong to the earlier Solntrean or the Aurignaccun. 

Besides the above dcdMibed or eriumcrfited spedmens, there are 
many oth«^ scattered over the jnnseunis of Eui'opc, for whicli great 
or less antiquity has been at some time, or is stiU being claimed. In 
many of these instances the sliidmt finds that the evidence adduced 
and the testimony of the skeletal parts themselves speak nvtlier 
against any great age, or leave the subject In serious doubt. It would 
seem best for the progress of science to eliminate all such specimens^ 
with j> 0 Thaps some of those mentioned nbove, from consideration, 
or until new emd ample evidence be found to convince us that 
they rcftily ilesierve place in ihe range of the precious authentii:^ docu¬ 
ments that represent the earlier phases of man's tiaiural history* 

The gradually accumulating finds which throw light on the plij^ai- 
cal past of have natiiruily stimulated further e^ploratidn in 

the same lines; tmd the various failures and uncertnintie^ connected 
wdlh £ome of the finds in the past have impressed all inve^igfitot^ 
in the field wdth the necesity of tl^e most careful and properly con- 
tmlled procedure* Besides men of science, the educated public, en¬ 
gineers controlling public works, und even many among the work¬ 
men in Europe have been imprci®ed by these remarkable discoveries, 
and in hundreds of instances are doubtless w'atdiing for new treaa- 
urea TTnder these conditions wo are justified in hoping that from 
time to time we shall receive additions to the precious material 
■already in o’Ur hands; that these additions wdll fill the esiEdng vacua, 
and gradually extend farther back to the more sstrirtly intermiMliikry 
forms between man and his ancestral stock, and perhaps eventually 
even to the source of these link-forms themselves^ to the peculiar 
morphologically unstable family of the anthropogenous primates* 
'RTiDe anthropologist is thus painfully and slowly reconstruct¬ 
ing the pait physical historr of man, he is also with every new fact 
adding another imperishable block to the foundation upon whidi will 
stand not only the knowledge of the future In regard to man hiiu^lf* 
hut alfio tbci lairs of hk further physical developmentt and radically 
even tltose of his beliefs and his moral behavior. This \b u port of 
the service of anlhropoJogy to humanity. 
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ADDmONAL BlBUOGRAPHIt. 

Among the more recent enthropologico] literature tier® are a num* 
her of monographs that deal more or tc$a comp’tehi'naiTflljr with the 
subject of ancient man. These publicationa, whicli contain numer¬ 
ous fiirtiier refereaceSj are as follows: 

As'ccix, D.^ ProbKUoiXdeiil CeJoreica t levo lilmpaleiii) predkL itosl NaokL 
Uoakn. 3B12, jip. 001-784. 

Buuk, 3.—PAteoatDlag](> SoTaju. V&italk Eliibu PKrwlin'eil- XtV_ E»ro*- 
tsjoT, imu pp. 1-10, 

Backuak. UanalBknni utvcckUnf efter iu(iuiil»liDbUfvaad«f, Yinef. 

L'caltmi «f SveuelcB Ralirtn pet fOr Aotropolafl cch Oeostufl, Arf. 
1000, S. a Och 3. Also, MiUialsluiJiii F^rUlstorla, ft*, gtocJUioIn, IDIL 
BaufcA. W.—D«r Suad onijerer Kenatniwte vom fCKBllRi llecuKlteii S' I^d* 
We. 1010, < 

Dccewostu. W, L, H,—ProMatofle Man. 12'. Caoibrldgei 

WtHBlnldeiL Hmdwonerfaacb der N'aturwtawDH^ialteo, 

J-—Tbe Actlgultr ot itjui la Europe, ft', loudctii lIQft, 

CaiTP, type* of Stan. 12% Loadoo, IflLL 

MicCujmr. G. G.—Beciuit dlacoterlea bcarto* on tbe aotiquity of Uau la 
Eompe. SmtUuoiiljiO Report for lOOO, pp. ftSl^asa. 

HacCcidt, Q. G.—The ilan ot FUtdowD. Seteace. 1614, pp. Iftft-jftO. 

Mi-'.'Oio, £.^^lnilUl)lr Meu aod lemmera eetUeaioaia m Earom: ft*. EdJn- 

bursb, isai 

UeaseJ) der Vocfclt; *r. ft% Bortin, iniS, do., QnarorcLirr 
Beinnlm In Central Europe 5 SmltliaendBii Bepott tor 1000, pp. 37ft- 

B»olnaoa of Man. SmltbioiiUo Repott lor lOia ™ 
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THE REDISTBIBimON OF iL\XKI^fD.> 


By PthL H, X. incKtum, M. D. Se. 


Since Uio last meeting of tiiis section tJje tragic fata of Capt, 
Scott a ^riy, after its euccessful journej' to tlie Soutli Pole, has 
IteMtne known; and our hopes of weleoming a great leader, after 
great af-hievemont, hare been disappointed. There is no need to 
reiKat here narrative of events or to dweU upon the IcsjOiis 
afTordecl by the skill and resource and heroit ptrsisienee which eii- 
dlined to the end. All these have been, or will ^ placed upon ner- 
manent record. But it k right that we should add our word of 
apprcciiition and proffer our ^-mpathy to those who have suffered 
^ It IS for ns also to take note tliat this last of the great .\ntarc* 
tic eipedikons has not merely reached the pole, as another has done, 
bat has added, to an extent that few suftmssful esploratoty under* 
taki^ have ever been able to do, to the sum of scientific gwirranhi- 
<ml knowledge. Aa the tnateriuls secured are worked out it^iS. I 
Mlieve, bwme more and more apparent that few of the physical and 
^olo^cal scien^ have not received contributions, und important 

probknia H^oncBrniiig the 
(^tnbution of the different groups of phenomena and their- action 
and taction upon one anotber-^the pi-obJems which are specioUv 
within the domain of the geographer—have not merely been ex- 
te^ed m their scope but have been helped toward their solution. 

Tr a clo» a long 

and brilljant chapter m the story of geographical exploration. There 

IS still before us a ipusta of arduous research in geography, bewilder¬ 
ing almost m its extent, in such n degree, indeed, tliat «the scope of 
geogiaphy’' is in itwif a subject of perennial interest.. But the dava 
of ^at pioneer diecoveries in topography have definitely drawn 
to their dose. We know the size ond shape of the earth, at least to 
a^Urtt approximation, and as the map fills up we know that there can 
M no new continents and ao new oceans to discover, although all are 
stith in a aen^to conquer. Looking back, we find that the qualities 

Brt t to e«t|«n s (awsTmpUji, at Usv BinaiB^nM au«iiiia ot tbi 

UaOoB, *■** e<U«Kb analBBtam, lOia, PPL 630-5^ 
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of biimiui Giuorprise and tiolunuicQ lia'ii'e Eiiciwn do dmnga; vte need 
no of names to prove tbnt they n'ecs alike in ibe days of tJie 
earliest eEploraiioiiii, of tlio iliBcovcry of tho New "VVorld, or of the 
sea route Lo India, of the ” Principall jravigations," or of this final 
allainment of the polea. Tlie love of nUvcnttiro and the gifis of 
ctitiruge liiid cndiirunivC have renminni the tiiime; the order of discov¬ 
er^’ liiL- been determined ratlier by the play of iruaginntiott npnii itc- 
enmuiated knowledge, siistfiestltig: new methods and developing ap- 
propriiite inventions. Men have duretl to do risky things with inad- 
e<{nato appliances, and in doing so have shown how iho appliuiires 
mtiy Iw Improved and ho^v new enterprises may bwonie possible a-s 
well as old ones easier and safer. As vro oomc to the end of these 
■■great exploriiiioiis," and art restricted more and more to investiga- 
Litmsof a leiss sti'ikiiigsort, it is well to renifiiiilier that in geography, 
as jo all other sciences, rersearch continues to make as gn‘at dciiiunds 
us ever ufjon those same (qualities and that the aanie rec^ignition Ls 
dne to those who coniinue in patient Ulwiv 

UTien we look into the future of geogropliical study it appears that 
for some time to come we shall still Iw largely dependent upon work 
“imilar to that of the pioneer type to wliich f have referred, the work 
of perfecting the geoprapher’s principal weapon, tim ntap. There 
arc many parts of the world about which we can say little except 
that wc know they exist; even the topf>graphica| map, iir the mate- 
risl for making it, is wnnting; and of only a few regiotui are* there 
rcjilly adequate liistrlbutioiiitl maps of any kind. These matters 
have been lirouffiit liefnrB this i^nioii nnd discussed veiy fully in 
recent yoats, so 1 need say iiu more about them, except perhaps to 
express the hope and belief ihat the production of lopogrupldcnl 
maps of didicult regions may soon lie greatlv facilitated and nccel- 
eratetl with the help of the new art of Hying. 

I w'idi to-day rather lo ask your attention for a short time to a 
pha^e of pioneer cxpLorution which has excited an increasing amount 
of interest in recent years. CivilixaJ man is. or ought to be, begin¬ 
ning to I'ealkc that in reducing more and more of ih$ available sur- 
fnix* of the earth to whut he considers a habitable condition he is 
making so much pix)gress, and making it so rapidly, that the problem 
tjf tindihg suitable fleconiiiiodations for hbi increasing numbers iiiusi 
Iwciiuie urgent in n few generatioits, We are getting into the posi¬ 
tion of (he invrcliant whose trade Lt constantly expanding and who 
foreswa that hia premises will shortly be too small for him. In our 
ca^ removal to more commodious premises elsewhere seems impos- 
Hible--we are not likely to find a means of migrating to another 
pmoet—so we are driven tio consider means of rebuilding on the old 

Site and so maUng the beat of what we have that our businesw mav 
mil vuuer, 
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In the tif’po of eivili^Btion with winch wl* rfu most famiUnr then* 
nre two furnlamentfll eluJiieiU.-^—suppItK; of foifil energy* anil supplies 
of mecbnaidal energy. Since at present, partly because of geo¬ 
graphical coiiditiofis, these do not neccs!4«ily (or even in geneml) 
fwcur together, there is n thini essential factor, the line of transport. 
It Btiny be of interest to glance, in tlie euisory manner which U |»s- 
sible upon ssch occasions, nt some gengmphieul points coiuroming 
each of these factors anti to hazard some speculations as to the pntl>- 
able coui'se of events in the fntura 

fn Ms pi'esidential nddresa to tiie Britisb Association at its meeting 
at Bristol in ISOS. Sir Willlani Crookes gn%*o some vuhiuble cstintati^ 
of Ujo world's si;ip(}!y of wheat, wliifli. as be iwinicd out, is ** the most 
sustaining fotnl grain of the great Caucasian race;’ Pounding upon 
these estimates, he made a fotfcast of the relaUons between the 
probable mtea of increase of supply and demand, and coneJuded that 
“ Should ali the wheat-^wlng connti-ies add to their [producing^ 
area to the utmost capacity, on tlic most careful oalctilaiion the yield 
would git-o IIS only an addition of some 100,f)00,000 acres, supplying, 
at the avmge world yield of 12.T bushek to the acre, 1,270,000,000 
bushels, just enough to supply the increase of population among 
bread eaters tilt the year 1031/’ The president tlieii added, “ Thirtr 
tears is hut a day in the life of a nation, Tliose present who mar 
attend the meetmg of the Britkli ^Vssooiation 30 j'ears hence wiil 
pidge how far my forecasts are justified." 

Half the allotted span has now elapsed, and it may be useful* to 
iiM]nire liow ^ings are going. Fortunate!}’, thk con be easily done, 
up to a certain point, st any rate, by reference to a paper publkhed 
mrcntly by Dr. J, F. Unstead,' in which co'nipnrkonE are mveu for 
llw decades 1381-iSf)fl, 1891-1000, and 1 SK)1-1010. Dr. Unstrad shows 
that the total wheat harvest for tlie world niny Ije estimated at 
3.258,000,000 bushels for th# first of these periods, 2A73X100.000 
for the Second, and 3,233,000,000 for the third, incre^iscs of 11 per 
cent and 23 per cent, rffipectivdy. He points out that the increases 
were due “mainly to an increased acreage.” the areas kntur 
102,000,000, 211,000,000, and 2-13,000,000 acres, but also “ to some ex¬ 
tent (about 8 per cent) to an increased average yield per acre, for 
while in the first two periods this was 12 biishols, in tlie fhini periml 
it rose to 13 bushels per acre,” 

I»riod I8fll“1900, as nearly corresponding to .Sir 
William Crookes’s mitial date, we find that the succeeding period 
shows an increase of 058,000,000 bushels, or about half the estimated 
increase miulred by 1031, end lliat attained chiefly bv “ increased 
acrengc,” 


^OM^pblAl J^oruitl. jlmniKt ami lilll. 
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But aigna are not wjLnting thi^t iQcrtB4i&£ in this ivtiy will not go on 
indeBnitdy. We note {also from Dr. Unsteads paper) that in the 
I wo later periods the percentagE? of total wheat produced whidi was 
e^cported from the United Slates fell from 33 to 19. the yield per acre 
showing an increase meanwhile to 14 bushels, In ihe Hiissl&n Empire 
die perccnlage feU from 26 to S3, and only in the ToiingeBiof tlie now 
countriiLs—Canada, Australia, and the Argentine — <lo we find large 
proportional increases. AgaJo, it is sigaificant that in the United 
Kingdom* which is, and always has been, Uie most somsitive of all 
ivbeat^producing countries to variiition^ in the floatiiig supply, the 
rate of falling off of home prcaJmctioE shows marked if irregular 
dimmution. 

Looking at U in another way, we- find (still fitjm Dr. Unstead’s 
Ggurcsl that the total amovini sent out by the great c^fjorting coun¬ 
tries arerageJ in 1831-1890, £95^,006 b^Lshels; 1801-1000, 403,- 
000,000 ^ 1901-1910, 532,000.000. Thi5?e quantities reprr&ent, respec¬ 
tively, 13, 15.6, and 16.1 per cent of the total pruductloii, and it 
wuuld appear that tlie jwreentage syailable for e.vport from these 
regions ia, for the time at kast, approaching its limit—i. e*, that only 
about one-sixth of the wheat produced is available fitJiii surpluses 
iu the regions of produetton for making good deficiencies elsewhere. 

There is, on the other hand, abundnut evidence that improYcd sgr!- 
culture is beginning to raise the yield per ncra over a largo part of 
the producing area. Between the periods 1881-1S90 and 1901- 1 910 
the average in the United States rose from 13 to 14 hu^fhels; in Rus.^ia* 
from 8 to 10 j in Australia, from 8 to 10, It is likely that in these 
last tvto casea at least a part of the increase k due merely to more 
active oeeupistimi of fresh lansk as weU ns to Uie use of more fiiiitable 
Tarieties of iieed, and the effect of improvements in methods of culti¬ 
vation alone is more apparent in the older countries. During the 
same period the fiveragn yield increased in the United Kingdom 
(rofji 28 t» 33 husheig, b France from IT to 30, Holland* 27 to 33; 
Belgium, 30 to and it k most marked in the Gennan j^pire. for 
which the figures arc 19 and 29, 

In another important paper ' Dr. Unstead has diovvn that the pro¬ 
duction of wheat in Xorth America may still in all likelihood Iw very 
Iari,asly increased hy tnerely increasing the area under cultivation* and 
the reasoning hy which he justifies this conclusion i^rlalnly holds 
gof^ over large districts el^iewhere. It is of c 4 Jiirse impossible, in 
the present crude state of our knowledge of our own plant, to fortn 
aijy accurate estimate of the area which niuy, by the use of suitable 
seedfi or otherwise, become available for extensive cultivation. But 
i think it is clear that the available proportion of the total i^kipply 
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from extensive ^ ^^rces reaclirdj or almoBt readied* it.*: iniixi- 
mum^ and that 've mllf^t depend nroit? nntl more upon intensive 
fanninjr. with its grenter demands for labor. 

The overage total aren under wheat is estimnted by Dr. Unstend as 
102,000,000 acm for 1881-1^90. 211^000,000 acres for IBOJ-IOOO, and 
^42,000,000 acres for 1W1--1910. iMaking the g^iess—for we can make 
nothing better—tbat tljis urea may be increased to aOO.000,000 acres, 
and that under ordinary agriculture the average yield may eventually 
be iticivaised to 20 buslicls over the whole* we get an average harvest 
of OjOOOjOOOsCW bushels of wheat, Tho average wheat eater ©cm- 
stimcs, according to Sir William Crooke^s figures, abf>ut 4^ bushds 
per annum: bnt the amount tends to iiicreiiL!^ ft is as much 
(according to Dr. Unstead) ai?^ 6 bushels is the United Kingdom and 
8 busheb in France^ Let us take the British figure, and it appears 
that on p liberal estimate the earth may in the end bo able to feed 
permanently li,000,OCK)i,000 wheal eaters. If prophecies based os 
population statistics are trustworthy, tlie crisiR will be upon us before 
ilte eriil of this cent hit. After that we must dther dcr>end upon some 
substitute to teduoe the commiuptioTi per head of the staple foodstuff, 
or we must take to intensive farming of the most Btrenuous sort, 
ahoorbing enormous quautiii^ of Ipbor and introducing* sooner or 
later, serious difficulties connected with plant food. Wo leave the 
possibility of diminishing the rate of increase in the nuiuber of 
bread eaters out of account. 

We gather, then, that the ebtimaieB formed in 189& are in the main 
C50rrect* and the wheat problem must Ixjconifi one of urgency at no 
distwt date, although actual sLioriage of food Is a Long way off. 
What is of more immediate dgnificunire to the geographer ia the el«h 
ment of change, of return to earlier condjlioatf, wtu^ is emerging 
even at tlie present time. If we sdniii^ os I Lliiiik we must do, that 
the days of inerva'se of extensive farming qn new- laud ore drawing 
to a do£», then we admit tluit the assignment of special areas for the 
production of the food supply of otlier distant arcoR is also coming to 
its eml. The opening np of sudi areo^, in which a spam population 
producer food in quantities largely in excCf^ of iU own needa. hu® 
been the characteristic of our time, but it must give place to a more 
unifottn distribution of things, tending alwai^^ lo the condition of a 
mudorately dense population, more uniformly distributed over large 
areas, capable of providing the increased labor necessary for the 
higher type of cultivation, and fjelf-sappoilii^ in respect of grain 
food at least IVe ot>£erw in possitig that the colonial systews of our 
time only became possible on Iho large scale with the invention of the 
fiteam locomotive* and that the introduction of railway systems in 
tho appropriate regions, and the first tapping of nearly all &uch 
regions on the globe, Ims taken than a rentuty. 
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Cdncctitration in special nnma of scittlemeni, forniprly chiefly af- 
fected for military rcai;k>m, has in mocleni times been determined 
moro anti more by the distribution of supplies of cnerg 3 > 1 he posi¬ 
tion of the maniifacturiiig district ia primarily determined by the 
Gupply of coaL Other forma of energy nre^ no doubts iivnllable. but* 
tLS Sir William Ramsay sho^'od in Uih prcsiilential address ui the 
Portsmontli meeting in 1311^ we muai in all probability look to coal 
as being tiic diicf permanent gnurre* 

In the early days of matiufacturing industries the umiti difticultie^ 
arose from defeotiv^e land transport. The first grfjwth of Uie Ijidtri' 
trial systeni- therefore* took plft(^ where ten Imnsport wiui relaLjrely 
viL&yt rau' material prtiduced in a region neivr u const was corned 
to Cl coal held also neat n co^> just as In Uie times when militan^ 
jx^wer was chiefly a matter of ^ natural defemses^^ the center of 
power and the fcMKl^prodiicing colony liad to be mutsially access]ble 
Hence the Atlimtic took the plflce of the lileditemineaii, Great 
Britain eventually sncceeded Rome^ and eastern Nortli Ampijca 
became the counterpart of Sorthem Africa. It Ls to ihis^ perhaps 
more than to anything eJsfij that we in Britflin owe our treinondons 
Ectart omongsi the industrial natinnsif and we ob^rre that we uewI 
H to provide less favorer! natlonB with the means of improving- their 
system of land transport, as well as actnally to nmmifnctxire ituptuled 
raw material and redbitribute the products. 

But there is. of eotir^ie, this difl'erctice lietweeii the supply of food- 
staff (or even inilUary power) an«l me^dianicid energy* that in tlie 
toise of ccml ut least it is nece^ssary to live entirely ui»ti capittiti the 
storing up of energy in new coal helds goea on so s^lowly In compari¬ 
son with our rate of tccpcnditurie that it may be altogether neglected. 

in thb country wc began to ubO coal on n largo scale u little 
more than a century ago. Our present yearly consumption is of tlic 
order of ;i(x**000,00fl tonsj and U is comput^ ^ that at the present 
rate of increase ** the whole of mir awilahle supply will be esliausted 
in 170 yesii^^ WiUi regard to the rest of the world we can not, 
from Iftdf of data, make even the broad astnmptiooe that were po^ 
rible in the mm of wheat supply, and for that find other rc»!=oiis it is 
therefore mifkfe^dlile even to gxiess at the time which mu-^ elapse 
be^forc a universal denrtls of coal l>Bconies ioimirient^ it is pjerhaps 
suSicieTit to observe that to the liest of our knowledge and belief oue 
i»f the world*!^ largest groups of coal fields (our pwn1 b not likely 
to last Uiree centuries in oJL 

Here again llie present interest lies rather in the phiis^ of change 
which are ncttiully with ub- During the first stages of the mantafac- 
luring pprifMl energy' in any fonn was exceedingly cliflicuU to tnjns- 
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port^ and this led to mUiii&e conce:ritnitiDn, Coal was taken from the 
most accessiblo coal field and used, as far as possible^ on tho spoL It 
was chieflj converted into mechanical eiierg}' by means of the steam 
enpt'^T extremely wasteful apparatus In .small tinlUj benee soil fur¬ 
ther ctmeontrotion; thus the steam engine k r^ponsibla in part for the 
factory jiyi-tem in its worst oJipect. The less acce^ble coal fields were 
neglecte<l. Also* the only other reully avallatilo s^nn™ of energy— 
water power^rcmaiued unuBed^ becatLse the difficultiee in the way of 
atilisiing fnavenieats of large quantities of w^ater through small ver¬ 
tical distances (as in tidal movemetiLs) are enormous; the only easily 
applied source occurs where eomparutiveiy small quantities of water 
fall through conalderuble vertical distanci^, as in the cose of water¬ 
falls. Bul. arising from the geographical conditional waterfalls 
(with mre exceptions^ such as XiagarH) occur in the torrential 
part of the typical river cotirsej perhaps far from the sea^ almost 
ceitainly in u region too broken in surface to allow of easy cominuni- 
cation or even of induetrjal settlement of any kindn 

Hoiivever accessible a coal field may be to liegin vni\\^ it sooner or 
later becomes inaoce^ible in another wuy. as the coal near the surface 
is eabansted and the workings get deeper. Xo doubt tiic eril day Ls 
po^poned for a time by improvements in methods of mining—a sort 
i>f intenidve cultivation—hut we can put nothing back the end must 
Iw the Eamfij and successful competition with more remote hut more 
superficial depceits became^ impossible. And every improvement in 
land transport favors the geographictdly less accessible coal fielda. 

From this point of view it is impossible to overestimate the imiwr- 
tance of what is to all intents and purpoe^a ii new licpartiirc of the 
ssme order of magnitude as the discovery' of the art of amelting iron 
with coaK or the invention of tlie tsteam cnjrine^ or of the steam loco¬ 
motive, I moan the conversion of energy into dectrirityv and iu 
transmission in that form (at small cost and with small loj^) thmugii 
great dbtancta. First we have t\ie immediately increased availability 
of the great murcf^ of cheap power in waterfalls. The energy may 
be transmitted througli comparatively simdl distances nud converted 
into heat in the electric furnace, making it possible to smelt econom- 
ically the most refractory am* as those of aluminium^ and converting 
such unlikely places us the coast of Xorway or the We^ Highlands of 
Scotland into manufacturing districts. Or it may be transmitterl 
through greater disiujices to regions producing quauiitiea of mw ma¬ 
lar ia^ disiribuied there wideripread to manufacturing centers, and 
reconverted into mechanical energy. The Plain gf l^unbardy pro¬ 
duces raw material in abundance, but Italy has no coal supply. The 
waierfalb of the Al|W yield much energy^ and this transmitted in the 
form of electrickyj, in somu ca^efi for great distances^ is converting 



560 


A3fXirAL fsEFOBT ¥?i^TKeON^A^' ni'STTTrXlON, 1W3. 


northf^rn Italy into one of the world’'s great industrial regioiiF* Chis* 
holm gires an estimate of a possible Ripply of power ainountiDg to 
SjOOOiOOO horecpower, and anys that of this about one-tenth was 
already being utilized in the year lUCO. 

But assuming agniii^ with Sir William Kamsay, that coal most con¬ 
tinue to be the chief source of energy, it b clear that the question of 
accessibility now wears an mtirely diffeiTnt aspect. It is not alto* 
getter beyond reason to imagine that the necesity for minings as 
Euch, might entirely disappear^ the coal being burnt in situ and 
energj- converted directly into electricUy. In this way some coal 
Bdds might conceivably be cjchaitsted to their last pound without 
sierioiis increase in the coat of getting. But for the present it is 
enough to note thatt however inacceB5?ibIe any coal field may be from 
Gnpplies of raw luaterialT it is only necesstiry to establish generating 
statjotks at the pit^s mouth and transport the energy to where it can 
be used* One may imaginef for cxiiinpkt vast mtuiiifactunsi carried 
on in what are now the immense agricultural regions of China^ 
worked by power supplied from the great coal deposits of ShansL 
There howeverj another peeulmifily of electrical pow er whicli 
will eserobe increasing mfluencTe upon the geographical distribution 
of industries.. The small electric motor is a much more efficient ap¬ 
paratus^ than the small Otcaiii cfigine* We uro^ accordingly* already 
becoming familiar with the great factoiy in whieh^ instead of all tools 
being huddled together to save losi through shafting and belting* 
and all kept running aU the time, whether busy or not 1 because the 
main engine must be run)*each tool slaiidb byit^If and is worked by 
its own motori and that only when it bs wantetl. Another of the 
causcH of ■concentration of mantifactiiring indnetry is thenefore re¬ 
duced hi unp^irtance. We may expect to see the effects of thb be¬ 
coming more and more mark^ as; time goes on, and other forces 
working toward uniform distribution make themselves more felt, 

Tlie points to be emphasized so far, then, are, first, that the time 
when the available areas whence food snipply, as represcnteil by 
wheats is derived are likely t4> 1» taxed to their full capacity within a 
period of about the HAmt lengtli m tliat during which the modern 
colonial H 3 'idem has l>ecn developing in ih© past; secondly, that chijiap 
supplies of energy- may continue for a longer time,, although eventu¬ 
ally they must giratly diminish ; and, thirdly, there must begin in the 
near future a great equalization in the distribution of population. 
TUia eqiwlbati on must arise from a number of ca uses. More intensive 
cultivation will inerreoso the amount of labor required in agriculture 
ud there will be Icsh diifereiice in the cost of production and yield 
due to dmer^fes of soil and climate* Jfauufiicturirig imlushricB will 
Iju^r *lifitribiiU‘d. because eiu!rg>', ..btaitied from n 

l»rger number of sources m iba less accessible places, will be distrib- 
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iitjed QTer an mcr^sed number of centers. The distinctjoi] between 
flgrlciUtotAl and industrial regiona will tend to become lesa and le^ 
clearly’ marked^ and will evenlually almost disappear in many parts 
of the w^oridi 

Tlie effect of this upon the third element is of first-rate hnpor lance. 
It is clear that as the process of equalisation goes on the relative 
amount of long-dbtance transport will diminisl^ for each district 
will tend more and more to produce its own supply of Jdaple food and 
carry on its own principal mannfactureEL This result will naturflUy 
be moat marked in what we may call ihe “ east-and-west ^ transport, 
for as climatic controls primarily follow the parallels gf latitude, the 
great quantitative trade, the flow' of foodstuffs and manufactured ar¬ 
ticles to and fro between people of like habits and modes of life, 
runs primarily east and west. Thus the transcontinental functions 
of the great Xorth American and Eurasian railways, the east-and- 
west systems of the inland waterways of the two continents, and the 
connecting links furnished by the great ocean ferries must become 
of relatively less importance* 

The various stages roay be represented, perhaps, in such mun- 
ner as this. If / is tha cost of producing a thing locally at a place A 
by intensive cultivation or w hat corresponds to it, if E is the cost of 
producing the same thing at n distant place H, and T the cost of 
transporting it to A, then at A we may at some point of time have a 
more hr less close approximation to 

f=E+T, 

We have seen that in thb country, for e^tample, / has been greater 
than E-\-T for wheat ever since, say, the introduction of railways in 
North America, that the excess tends steadily to dimini^bi and that 
however much it may be possible to red oca 5^ either by devising 
cheaper modes of transport or by shortening the distance through 
which wheat is transported, E+T must become greater than /, and 
it w ill pay us to grow all or most of our own wheat. Conversely, in 
the seventies of last ceatuiy / was greater than E+T in North 
America and Gennany for such things asst4^cl mils and rolling stock, 
whidi we in thb country were cultivating “ extensivelyat the time 
on more acccs^^ible coal fields with more skilled labor and l>etter or- 
gunization than could be found elsewhere. In many cases the posi¬ 
tions are now, as wa know, reversed, but geographically / must win 
all round in the long rum 

In the cose of transport between points in different latitudes, the 
conditions ore. of course, altogether dissimilar, for in this caso com¬ 
modities consist of foodstuffs, or raw materials, or manufactured 
articles, which may be termed luxuries, in the sense that tlieir use is 
scarcely known until cheap transport makes them easily accessible, 
1013—36 
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ivheu they rnpidly bec'ofne neccsaaries of Of these the most 

fiiimiligr examples uru coffee^ cocoa^^ atid bananasj india rubber 
and nianufa^;tiircd cottoa goods. There is here, of eoum^ always the 
po^ibility that wheat as a staple might be replaced by a foorlstiiff 
prorhicecl in the tropica^, and it would be esti’eniely interesting to study 
the geographical consequences of such an event as one-half of the sur¬ 
face of the earth suddenly coming to help in feeding the two epiarterR 
on cither side; but for many renfionsj which I need not go into here^ 
ittwh ja cornummation is exceedingly unlikely. seems more 

probable is that the trade between different latitudes will coiitinne to 
hfi chnrncterized speciallj' by its variety^ the variety doubtless increas¬ 
ing, and the quantity increasing In still larger measure^ The chief 
modification in the future may perhaps be locrfied for in the occasional 
transference of manufactures of raAV materials produeeti in the tropics 
to places within the tiopics^ cMpecially when the maiiufantured article 
is itself largely etmsumed near ro^ons of |>rcKlucLion. The neceH- 
aary couditiou hero is a region, such c- g^,p the monsoon region, in 
which t lie re is sufBcicnt variation in the sen^^ns to make the native 
population laborious; for then, and apparently only theHj is it pos¬ 
sible to eecurc sulDcient industn" and skill by training, and therefore 
to be able to yield to the ever-growing pressure lu more temperate 
latitudes due to itiCTcn^ed cost of labor. The best esamples of this 
to-day are probably the familiar ones of cotton and jute manufac¬ 
ture in Indin^ With certain limitations, manufacturing trade of this 
kind is, however^ likely to continue lietw^cn temi>eratc and strictly 
tropical regions, where the climate is so uniform througliout the year 
that the native has no incentive to work. Tliere the collection of the 
raw material isos much as, or even more tliEiii can be lonketl for—as 
in the ease of mohogany or wild rubber. Wliere rnw material has to 
be cuUivated—es cotton, cultivated rubber^ etc.—the raw material 
has to be produced in regions more of the monsoon type, hut it will 
probably—perhaps as notch for economic as gecigraphical reasons— 
be raanufflctured at some center in the temperate zorus, and the 
fini^urd product Ironsported thence^ when necessary^ to the point of 
consumption in the tropica* 

^Ve are here, however^ specially liable to grave disturbances of dis¬ 
tribution arising from invention of new machinery or new chemical 
methods: one need only mention the production of sugar ur indigo. 
Another asqxici of this which is not without importance may perhaps 
l>e referred to hero, although it meanathe transference of certain in¬ 
dustries to more accesssible regions luercty, rather than a definite 
change of such an element aa latitude. I have in mind die sudden con¬ 
version of an industry in which much labor is expended on a small 
atnotmt of raw material into one where much raw material b con¬ 
sumed. and by the application of power-driven machinery the labor 
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re<)uiired is grciiily diminished^ One remetnbers when a 5()-shlllifig 
Swiss watcli, nhhougli then still hy tradition regarded as iniiRoieiitly 
valuable to deserve jnelosnre in a ease constructed of ji pt^cious metal* 
wiui conaideitd ei marvel of cheapness. Americ^an rnachtne^made 
watcher, profl!j<.vd by the ton, are now encased in tho baser metals 
and sold at bf>nie Ti :=i)iilliiiga each^ and the wfltch-niaJvin^ iiuinslry 
has ctaaed to be specially suites! to iiiiiitutalnous districts, 

In considering the fJiiferences which seem likely to arise in what 
we may m\l the regional pressni'et of ojie kind und Gnotherj pres«?iireH 
which an? ridieved or adjusted by mid along certain lines of trariii- 
port* I hove made a priiimry di^^tinclion between ^ east-otul-west 
one! ^ iit>rth-and“Ri;iuth " tyiws, berttnsc both in mniters of food supply 
and in the modes of life whidi ccmtrol tlie nature of the demand foV 
rnpiiuPictured articles elitnate is eventually ttie dominant factor j mifii 
as I Imvc s-aid. dimnte varies primarily with Intilude. This is tnic 
SfwiaJIy of atmospheric tempernture; but tenipcn\tiiri! varies also 
with aliunde, or height above the level of the soa* To a less extent 
rainfall the other great dement of climate, varic*? with attitude, but 
the variation is mueh more irregular* More iinp<jrtant iu this 
is the influence of the di^ribution of land and sea, and moro esperi- 
ally till- configuration of the land sttrfare, the tendency here being 
^metimes to strengthen the latitude effect where a eonlinuous ridge 
is joterp^^h as in Asia, pnictirally cutting otT '■= north-and-south 
communication altogether abmg a certain line^ emphasizing the par¬ 
allel-strip iUTtingcmeiit nilining ciif^t and west to the north of the 
I me* anil inducing die c|uite special conditirms of file monsoon region 
to the MJuth of it. We may contrast this wdth the etfect of a nortli- 
aUil-sMuith stnjcture* which (in temperate latitudes es|wcially) 
tends lo swing what we may eall the regional lines round till they 
cross the parallels of latitude oidiquely. This i& typically ilJiistrateil 
in North Americn* wlicre the angle locally sometimes nearly a right 
imgle. It f(dIows* therefore, ihai the conii^st of east-and-w'cst 
and north-and-south lines^ which I have here iiHed for purposed? 
of illustratioji, Li necessarily extremelv cnide^ and one of the moeU 
presiling duties of geographei-s at the present moment ia to elaborate 
a more satisfaetofy molliod of (dai^ifii'atioo, 1 am very glad that wc 
are to have a rti^ussioii on Natural regloiLi'- nt dup of our sede- 
runts. Piirhai^s I may be permittefl to express the hope that we ahaJt 
iT>noci 7 i ourselves with the types of region we wantj their j^lructure ' 
or grain,” and their ndative positions, rather thuri with the precise 
delimitation of their boundaries, to which I think we hn\'e -stimetime?^ 
been Jueliiied, for educational purposes, to give n little too uiiieh nt^ 
tentian. 

Before leaving this I should like to add, speaking still m terms of 
" east-aiubwest ^ and ^ north-and-south/’ (me word more afaiut the 
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eHSHDtial cast'atid'west structure of the Old World. I have nlrcndy 
refer red to Uie great central asia of Asia. Tbia asis is prolonged 
trcfiiwarU through Europe, but it Is cut through and broken to Bueh 
an extent that we may include the iledlterrancitn region with the 
area lying farther iiortJi, to which indeed it goographicaliy belongs, 
in any diacuBsion of this sort. But the Weditciranean region is 
bounded on the other side by the Sahara, and none of our modem 
inventions facilitating tinnsport lias made any impression upon the 
dry desert; nor dess it seem likely thut such a desert 'rtll ever bcconie 
a less formiliable barrier tiian u great mountain mass or range. We 
may coiielitde. tlien, that in so far as tbe Old World is concerned, the 
“ nortli-and-south ” transport can never be carried on m fi'cely as it 
uiuy in the New, but only through certain weak points, or “ round the 
ends,''' i. q., by tiCH. Tt tuny be furtlier pointed out that the land nrens 
in tfie southern hemisphere are so narrow that they will .scarceh' 
enter into the ‘‘enst-and-westcategory at all—the transoontinental 
railway as imderslood in the northern hemisphere can not exuit; it 
is scarcely a pioneer system, but rather cornea into existence as a Inter 
I'y-prodnct of Jocn.1 enst-and-w^est lines, as in Africa- 
These geographical facts must esereisc a profound influence upon 
the future of the British is1<^- Trade saulh of the great dividing 
lino must always bo to a large extent of the “ north-flnd-south ” type, 
and the British Isles stjind practically at the westem end of thc^reiit 
natural barrier. From their position the BritlaJi Isles will ulwoyti 
lie a center of imtiicnsa importance in eiitreptit trade, irapoiiing com¬ 
modities from ‘‘soutli” and difitribiiting ’‘east and west,'’ and simi¬ 
larly in the reverse direction. This movement will be permanent, 
and will increase in volume long after the preamt type of purely 
‘‘cast-and-west” trade has become relatively less important than it 
Ls now, long ufter the British I.slcs have ceased to have any of 
the s[wial ad’i-antagss for manufacturing industries which are due 
to their own resources either in the way of energy or of raw muteriaL 
IVc cun well imagine, however, that tills [wmanent advantage of 
position will react favorably, if indirectly, upon certain types of oiir 
manufactures, at least for a very long time to come. 

!leverting briefly to the ecfualization of the distfibntion of popu- 
lation in the wheat-producing ureas and the causes which are now at 
^ work in tliia diction, it is interesting to im^uire how geograpliicnl 
vouditiona are likely to influence this on the smaller scale. We niav 
suppose that the production of staple foodstuffs must always be more 
um ormly dtstribuietl than the manufacture of raw mateHftls. or 
e production of the raw tuoterials thcmselvea, for the most im- 
^n.ot r.* ,f «ge,.bl, oriein citton, nibWtte) 

.pwinl enditioni and, ipail from [|i. Jirtribution 
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ill^lributioji of niineral deposits!, providing metals for machinery^ 
and so on. It may, however, be remarked that the useful metals, 
such as iron^ are widely distributed on or near regions which are not 
MS a rule unfavorable to agriculture. Xcvertbeless^ the fact remaubS 
that while a more uniform dislrilnition is neeessaiy' and inevitable iu 
the ease of agriculture* many of the oondftions of industrial and 
ssocia] life are in favor of concentration; the electrical tninaamssion 
of energy removes^ in whole or in part, only one or of the cen- 
tripetnI forces. The general result might be an approximation to 
the conditions occurring in many parts of the monsoon areas—a 
number of fairly large towns pretty evenly distributed over a given 
agricultural area, and each drawing iU main food supplies from the 
region surrounding it Tlie position of ssicli towns w'ould bo deter¬ 
mined much more by industrial conditions, and less by militan^ con¬ 
ditions, than in the past (military power being in these days mbbilCf 
niid not Qxed); but Uic result would on a larger scale be of the same 
type as was develupnl in the central counties of England^ which, 
as Mackinder has pointed out* are of almu^ ecpial she and take the 
name of the comity town* Concentration within the towns wonld, 
of course, be le^ severe than in the early days of manufiicturing 
industry. Each town would require a very elaborate and highly 
orgnnisted ^•stem of loeul transport, touebing all points of its agri¬ 
cultural area, in addition to Lines of communication with other towns 
and vriih. the great north-and-ssoutb lines of w'orld-wdde commerce, 
but these outside lines would be relatively of Ic^ Importance than 
they are noWn We note tliat tlio more perfect the i^stem of local 
transport the less the need for points of intermediate exchange. 
The villnge aJid the local market town will be sleepy” or decadent 
jis they are now', but for 0 different reason; the symptoms are at 
present visible Juainly because the country round about such local 
centers Is overwhelmed by the greiit linea of transport wdiich po^ 
through them; they wUl survive for a time through inertia and the 
case of foreign invcstmeiit of enpiUL The effect of tbia influence 
k already appfarent since the advent of the ” commercial motor, 
but up to the present it has been mote in the direction of distributing 
from the towns than collecting to them, producing a Iriud of “sub¬ 
urbanization^ which throws things stiU further out of balance. 
The importance of the road motor in relation to the future develop¬ 
ment of the focsd-producitig area h inealcukble. It has long been 
clear that the railway of the type reqHired for the great through 
lines of fast transport is ill adapted for the detailed work of a amaU 
district, and the “light” railway solves little and introduces many 
complications. The problem of determmingthe direction and capacity 
of a system of roads adequate to any particular region is at this stage 
one of extraordiimry difficulty ; experiments arc exceedingly costly, 
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uiid tttve ii£ y^t little experience i*f a ^^lilisfiiLiMorr kind to ^ido 
ns. The geographerj if he nill^ can heire be of corieade ruble senice 
to the etigiacer. 

IA the same conDeetion^ the development of the agricultural area 
aiipphdng an industrial center olfers many difficult problem.^ m rela¬ 
tion to what may be c^uUed accessory producls, niore especiiJly tliose 
of a perkhahlo nature, such as meat and milk. In the caso of meat 
the present poailioii is that much land which may eventuiilly become 
availahle for grain crops is used for gra5sings or cattle are fed on 
some grain, like maize^ which is difficult to transport or is not satis¬ 
factory for bread imkiiig. The meat is then temporai'ily deprived 
of its perisdiablc pi-operty by refrigeration, and does not suffer iu 
transport, hfodern refrigerating machineiy is elabonite and com- 
pUcutedT and more suited to lise on board sliip than ou any kind of 
laud tmtisijort; hence* Uie most convenient regioais for producing 
most for export are tliosc nefir the ^^aeoa^t, such as occur in tlie 
Ar^ntine or the Canterbury plaiuii of Sew Zealand. The case is 
similar to tliat of the accessible coal held. Poissihly the |ircserviiig 
procossej^ may be simpUGed and cheapened, timking overland traiis^ 
port easier, but the fact that it usually take^ a good deal of land to 
pi-oduee a coiiipartitively small quantity of iJieat will make the diffi¬ 
culty gi^ater as land becoulei^ more valuable. Cow^a inilk, which in 
modem tunes has become a ncc^siiry of life*' in most parts of the 
uiviJi2ed world, is iu miicb the same category as moat^ ejtcept that 
difficulties of pnsjetn^atiuA, and therefor'^ of transport, ure even 
gi'eater. That the pnibleni has not become acute is largely due to 
the gixjwth of the long-transport system available for wheats which 
has enabled land round the great centers of populaUon to be devoted 
to dairy produce. Jf we are right in supposing that ihh state of 
things can not be pcrnuinetit the difficulty of milk supply must 
increase, although relieved aoiuewhat by Uie iuteose concentra¬ 
tion in the towns; unless, seems not unlikely, a wholly sticoei^ful 
method of permanent preservation in devised. 

In fleterniining the positions of the main centeii^f or^ rather^ m 
sobdividiiLg the larger areas for the distribution of towiis with their 
supporting and dependent districts, water supply must be one of die 
I’hipf factors in the future, as it has been in the past; and in the 
case of mduatfial centers the quality us well as the quantity of water 
lias tu be considered. A fundamental diAUBiou here w^ould probably 
be intif districts having a natural local supply, probably of hard 
water, and dlBiricL^ m which the supply must be obtained from a 
distance. In tiic latter case engineering works of great Jmetiltude 
mm. often be involved, aud the question of total i^un.s SS 
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the protection of such resources pending iiivei?tigution is alreudy 
much ue^led. It is worth noting tUnt the question may often be 
closely related to the development and irwnsmission of electrical 
energy from w^aterfalls^ and the two problems might in such ca^es 
be dealt with together. Much may be learned about the relatlnn of 
wrater supply to distribution of population from a study of history^ 
and a more active prosecution of combined historical and geography 
ical research would^ 1 believe, furnish useful material in this connec¬ 
tion* besides throwing inters ting light on many historical quest ions. 

Continued exchange of the ^^north-and-south ’" type, and at least 
a part of that described as east-and-we^ftT** gives permanence to a 
certain number of points where* jjO far as can be seen^ there must 
always be a change in the mode of trauspoi’t- It is not likely that 
we shall have heavy frcight'Carrymg monsters in the air for a long 
time to come* and until w'e have the aerial ^ tramp”, transport must 
be eflfected on the surfaces of land and sea. However much we may 
improve and cheapen land transportj it can not in the nature of 
things become os cheep as transport by sea. For on land the essen¬ 
tial idea b always that of a prepared road of some kind, and, as 
Chisholm has pointed out, no road can coJTy more than a certain 
amount; traffic beyond a certum quantity ecmstantly requires the 
eoDstruotion of new roads. It follows, then, that no device is likely 
to provide transport indiSerently over land and sea. and the sea¬ 
port has in consequence inherent elements of penimnence* Im¬ 
proved and cheapened land transiKut increases the economy arising 
from the employment of large shipfi rather than small ones, for not 
only does transport inland become relatively more important, but 
distribution along n coast from one large seaport becotnej^ as easy as 
from a number of small coastal towns. Hence the conditions are in 
favor of the growth of a comparatively i-mnl] number of immense 
oeaport cities like London and Ifew York, m which there muiit be 
great conc^tration not merely of work directly connected with 
shipping* but of eommerciiil and finojidal interests of all sorts* The 
^nporl is, in fact, the type of great city wrbkU seeais likdy to in¬ 
crease continually in size, and provisioii for its needs can not in 
general be made from the region unmediately surrounding it, its in 
the esse of tuwmi of other kinds* In special cases there is also, no 
doubt, permanent need of large iedand centera of the type of the 
■"railway creation,” but under severe geographic control these must 
depend very much on the nature and efficiency of the systems of land 
transport* It is not too much to say ( for we possess some evidence 
of it already) that the number of distinct geographicaJ caUi?es which 
give rise to the establishment and maintenance of individual greet 
cities is stead ilv dimisishing, but that the large sseaport is a per¬ 
manent and increasing necessity- It follows that aggregations of 
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the typer t>f London and Liverpool, Glasgow imd Belfast, will always 
be amongst the chief things to be reckoned with in these islands, 
irrespective of local coal supply or accessoty manufacturing Indus- 
tries, which may decay throng eabaiistion. 

I have attempted in nil at precedes to draw attention once mote to 
(rertnin matters for which it seems strangely difficult to get a bearing. 
li>niat it amounts to is this, that as far as our information goes the 
development of the steamship and the railway, and the universal in¬ 
troduction of machinery which has arisen from it, have so increased 
the demand made by man upon the earth’s resources that in le^ than 
a centoiy they will have Irecome fully ta;ced. WTien colonisation 
and settlement in a now country proooeded slowly and laboriously, 
extending ccntrlfugally from one or two favorable spots on the coast, 
it took a matter of four centuries to open up a region the size of 
England. Now we do as much for a continent like North America in 
about as many decades. In the first cose it was not worth tronbling 
about the exiiaustion of resources;, for tlicy were scarcely more than 
touched, and even if they were exhausted there w-ere other whole 
continents to conquer. But now, so far ns our information go@, we 
arts already making serious inroads upon the resources of the whole 
esrtli. One has no desire to sound an unduly alarmist note, or to sug¬ 
gest that we are in ImmineDt danger of starvation, but surdy it 
would lie well, even on the suspicion, to see if our information is 
adequate and reliable and if our conclusions are correct; and not 
merely to drift in a manner which was justifiable enough in Saxon 
limes, hut which, at the rate things are going now, may land ns 
unexpectedly in difficulties of appalling magnitude. 

TThnt is wanted is that we should seriously address ourselves to a 
dock taking of our resources. A beginning has been made with a 
great map on the scale of one to a million, but that is not sufficient; 
we should vigorously proceed with the collection and discussion of 
geographical data of all kinds, so that the major natural distribu¬ 
tions aha It be adequately known, and not merely those parts which 
commend themseUea, for one reason or another, to special national 
or private enterprises. The method of Government survev em¬ 
ployed in most civilized countries for the construction of maps, the 
examination of geolo^cal structure, or the observation of %veather 
ond climate is satisfactory as far as it goes, but it should go further 
and l» made to include such things as vegetation, water supply, 
supplies of energy of all kinds, and, what is quite as important, the 
faring!; of one element upon others under different conditiona. 
Much, if not most, of the work of collecting data would naturally 
lie done bs it is now by experts in the special branches of knowledge 
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should never be loat sight of, T may venture to $tiggt'st that a eom^ 
mittee formed fointly hy the great naitional geographien! societies, 
or by the InleriLational Geogrnphieal Congre^, might be mtruFted 
with the work of formulating some mch uniform plan >nid suggest¬ 
ing practicable niethwk of carrying it out. It should not be impossi¬ 
ble to secure intcmutional eooperadonj for there no need to investi¬ 
gate too closely the secrets of anyone's particular private viiieyjird— 
It is merely a question of doing thoroughly and systematically what 
is already done in some regions^ sometimes thoroughly, but not sys¬ 
tematically. We should thus arrive cventtially at uniform methods 
of stock taking, and the actual operations could be carried on as 
opporlunity offered and indifference or opposition was overcome by 
til© increasing need for informntiom EventUfllly we sliall find that 
*^i50untry planning” will become as important as town planningt bur 
it will a more complex business, and it will not be possible to get 
the facts together in a hurnv And in the meanwhile mcreased geo¬ 
graphical knowledge will yield scientific results of much significance 
about such matters as distrihution of populations and indusiries^ and 
the degree of adjiistmeiit to new conditions which occurs or is pos- 
siblo in different regions and amongst different peoples. Primary 
surveys on the large scale are speciallj important in new regions, 
but the best methods of developing such areas and of adjusting dis^ 
tributions in old areas to new economic conditions are to be dis¬ 
covered by extending the detailed surveys of small districts. An 
exfimple of how this may be done has been given by Dr. 3 till in hie 
Fragment of the Geography of Sussex. Dr. ililrs methods have been 
Buccessfully applied by individual investigators to other districts, 
hut a definitely organised s)^tem, marked out on a carefully ma¬ 
tured uniform plan, is necea&aiy if the results are to be fuUy com¬ 
parable. The sciioob of geography in this country have already 
done n good deal of local geography of this typfij and could give 
much valuable assistance if the work were organised beforehand on 
an adequate scale- 

I But in whatever way and on whatever scale the work is done, it 
must be clearly understood that no partial study from the physical* 
or biological, or historical, or economic point of ^-iew will ever $ul!Sce. 
The urgent matters are questions of distribution upon the surface of 
the earth, and their elucidation is not the special husiness of the 
pbygicistj or the biologist, or the historiany or the econopilstt but of 
the geographer. 



r. '»..' -^.lut >5ruicfjwt^ igi tj g..r.. 


‘.A-'' is I’ i'»' iJ f ''‘•■'--*.v-‘.,”.4 '' !’lv^ 

•»,■ . .1,; fliq ' ;j IKi:__L...-- 

,fu- ^ 





THE EARLIEST POEMS OF HABlTATIOJf 

THEIR RELATION TO THE GENERAL DEVELOPMENT 
OF CIVILIZATION.' 


By Dr. M, IIoEI»ES. 


According to u concept ion ut pn’jsent in vogue the umiu curreiitii 
of huuiea dviJizy.tLoti have deveinpeJ iilmig ceHuin simple lines, of 
ivhicli the stall Lug point, the several bulls, ami I he end can l>e ivadilv 
teiirncd. It is assumed tlnii tlie iliffercnt groups (tf uiatikind must 
present the aaine forms, in siniilur ortler, accurdlng to some sort of 
arbitrary law. Iliu.'i ihci'e have been mapped out for the histoiy of 
economk-s. of implements, costumes, habitation, momls, inw, and 
religion, certain strict and definite plans, which have been dniwn more 
from a priori leusoning and a limited experience than fi-om a wide 
knowledge of facts. These classifications, which may be readUv 
replaced bi" other similar ones, had nevertheless the advantage, like 
all classifications, which are equallv inexact, that they afforded for 
the progress of investigation u better basis than wben the material 
is in disorder and fancy turned free. These classifications, however, 
were nid altogether inexact, hut were merely inadequate for general 
application so as to be extended to nil parts of the globe and to all 
groups of mankind. When properly limited and used judiciously, 
they present every eridence of being j>urt3 or fragments of the trutJi 
to which, ill order to make theni coiin>letc. other frugments should be 
coDblantly added until the highest possible degree of knowledge is 
attained. 

As regards tlie history of humau habitation, it b believed that at 
a certain period there was an ago of caverns when man dwelt exclu¬ 
sively in the naiurel c.xcavatious of roclw regions. r.<ater, when the 
earliest forms of bull dings appeared, the circular structure was 
evotywhere employed before tliose of quadrangular forms, wooden 
buildings before those of stoue^ etc. At the very dawn of evolution, 
man, it is tliought, must have dwelt in hollow trunks of trees or in 
the tops of high trees. But we can make no positive assertions con¬ 
cerning that most remote stage of evolution. In all lines of evolution 
the beginning belongs to the domain of tmagination; its suggestions 
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may b* guided ond defended, but as tbeorie^ thi&jr cau not be e?!tH.b- 
lished ’with evideucie by c^act science^ 

For tbo habit of dwelling in the tops of trees refetence is made to 
the life of orUliropoid apes. But the animal or scmianinial anceiitor 
of man did not descend from the tree in order to become a mnn. 
He dwelt on terra firma before hie tiansformatipn into man, else 
he could not present tmch physical divergencies from the present 
anthropoid apes. It is tnie that we incidentally find certain savage 
peoples who still live in treea, but this kind of dwelling accords w'oll 
witli the building of huts, It constitutes chiefly a temporary safe 
asyliira in times of danger, not a fixed residence* It is a secondary 
form of adaptation, the i^ame as the pile dwellings, Man by origin 
is neither a climber, like the anthropoids^ nor nn a<]uatic animab 
like the beaver, but he has learned to change the location of his home 
to increase liis ^fety, cither mising it upon high trees or trans¬ 
ferring it from terra firma to locations over the water nccording o.^ 
circumstances or necessity may call for one or the other of these 
forms. Bnt in cither case he already had the hnt complete and 
sought for it a new foundation so that he might, at will, connect 
himself with or separate himself from terra firma, in one ca.se by 
meart^ of a ladder, in the other by tliat of a bridge. In iliia 
therefore, there appears no primitive form of human habitatiocL 
And this applies with still greater reason to the tiwellmg in hollow 
Ire^t for from what we know about savage peoples of to-day trees 
never fxmstittjte permanent homes, but at the most are but a passing 
shelter. 

An analogous, if not identical, fact is pointed out in favor of 
troglodjtisni (cave dwelling). This might have been a primitive 
form uf habitation, for nature hna here united all the elements of a 
substantial and clean residence* There is a floor, roof, walls, often 
also interior divisions, covered vestibiiloi^, sunny terraces, scunetimea 
also sheltered places hardly accessible in the r^K^ln' walls* passages 
running deep into the inotmiain and afFording hiding places *md 
refugies. As n matter of fart, in rocky regions rich in caverns these 
advantages early beenme kuowu and were abundantly utilised during 
long ages. But these do not exist everywherct and for this reason 
alone wo can not speak of an epoch when cave dwellings were general 
Moreover, the eaidlest human hordes were certainly too umd^eady and 
wandering to remain attached through the entire year to tliis natural 
immovable kind of aheltera. Their habit of hnnting big g»n>e would 
n^permit them such a high degree of permanent settlement* Even 
^ny m studj^ng certain very primitive hunting peoples, such as 

e \^daa of Ceylon, wo fiiid that they out the rocky parts of 
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The choice of a dwelling place end of a form of building, in order 
to render it habitable, depends upon three factors of adaptation: (1) 
The nature of the ground, (2)^ the manner of living, and (3) the gen¬ 
eral state of civ'ilization. These are the conditions to which every- 
w'hero the location and the form of the habitation are suhmJtted. 
This uccDiints for nil geographical uml historical divergencies. In 
the earliest times civilization wus uncertain and of no importance, 
while the nature of the ground and the kind of life played a very 
great part. The first of those factors determines chiefly the form 
and the second dxca the location of the dwelling. Fisiicrmen and 
shell-fish eaters, for instance. liv’O during the entire year along the 
seashore, but the Ichthyophags of Cnrnmania (Asia Minor) and Gcd- 
rositt (Belli eh istan), as also the inhabitants of the Ked Rocks of 
Menton {France) during the glacial period, were troglodytes (ca\'c 
dwellers), while the Fiiegions nro obliged to build huts, Just as cer¬ 
tain of the inhabitants of the seacoast of Dentnark had done whose 
kitchen-middens imve sun ived. In regions of forests and eteppea 
troglody-tism is limited by the mobility of gamp. 

Thus, ca^\s, which might be cousidered as the only form of n-tii- 
dence of the peoples of western Europe at the end of the paleolithic 
period, have funiishod interesting information on the construction 
uf huta througli the drawings recently discovered in many places. 
T refer to the curious sketches which were first found graven on the 
walls of the cavern of Combarelles, then, painted red, in the interior 
of the enve^ of Font-de-Oaurae in the Dordogne (France), and 
brought to light by Messieurs Capitau and Brcttil. Soon after that 
similar drawings were found b other caves (graven, in Bernifalj 
painted red, in Marsoulos). These drawings are figures of dwellings, 
sometimes showing a substructure with a central pole, and occasion¬ 
ally also with props and girders on either side. The explorers of 
the French cttvenis express no doubt but that these figures are crude 
repissentatioms of primitive huts (“rudimentary images of huts," 
Brcuil), which obviously could not have been built inside the cav- 
ern.H and probably also not m their vicinity. In the cave of Mnr- 
fiOiUa:,, above the drawing of sneh a hut, there is lice of dots, m which 
Brettil sees the representation of foliage to figme the roof. Less sig¬ 
nificant are tlie “marks in form of buts^ painted in the cavern of 
Lu Mouths (Dordogne). Altamira and Castillo (Xorth Spain); the 
drawing of these two caverns might he considered os imagea of 
interlaced bucklers. Equally uncertain are the “red dwelling fig. 
ures * of the cavern of Xiaux (Bri^). Somewhat doubtful is the 
meaning of the cai’vjngs on bone and reindeer anti era found in the 
region of the caverns. Only the drawings mentioned in the first 
place can be admitted as valid proofs in favor of the theory of the 
building of huts ut the end of the paleolithic iieriod, Ttie figures 
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of CombAreU«s often appear in parallel pnllN, having between them 
I he figitre of an aiiiniaL In the carem of Font-de-Gaume there an* 
some of these drawings on the body of a bisoiu in the cavern of 
Bern if a 1 tJiere are two others on the body of n mammoth, wliilc 
d$>ewlwre ilie bodies of nitimalH liave represented upon them pro¬ 
jectile arms and hiuiiaa banda, or their oatlincs,* 

Thus, at tlie end of the pctleoUtliic {leriod the hunters of the clort^ 
big glacial age dwelt not only in caves but also in huts; in the latter 
probably during tlieir long tours over the bunting territory, which 
took them far away from the regitm of the caverns and obliged theni 
to construct artificial shelters. Tlieoe were, as far as w'o can judge- 
in keeping with the state of civiliisation which w'as comparatively not 
at all a low one, as the excavations in the cavenis fwiuently show'. 
It is not known whelher tliose lints restetl upon an nriihcial base or 
lUreclly upon the surface of the ground, for the drawings show 
only the exterior view. Both aUemativcM arc possible, liirt the sec- 
ond is the more probable. It woultl In* in keeping with the state of 
civilisation, as also with die climatic conditions, that these primitive 
stmirtures should Iw on a higher plane than the humblest beginnings 
of architecture, represented among tho low burning races of to-day. 
for instance, the screen dwellings (pff/vtcc»^> of the Xegrttoss in the 
Philippine Islands or the slimmer shelters (loiVa d’iti) of the 
^ eddas of Ceylon. But they have in conitiion with these riidi- 
Iiientary means of protection against w'intl and weather the' (piBfl- 
rnnguliir form; for the sercetm ond summer shelters of these Asiatic 
races eotlHi^<t of a ^nsdrangiilar framework into wjiich are inter- 
twined brushwood and foliage. These frames included oblique 
Stakes lo aistain ilie roof. The huts of the pali-olitbic hunters of 
western Europe had two parallel sides at the roof like those of the 
Seminoles of the south of Xorth America. The sustaining poles 
were in the center. 

The nature of the floor was an impi^irtant matter. On the draw¬ 
ings it is usually figured by sipiared tree trunks, and according to 
^Matthews such is also the construction of the fimr in the huts of the 
,^minol^* while in the scrwuis of tlie Negritos and shelters of the 
V^ldiis it is made of foliage hiuI straw. The huts were the habita- 
lions of the men: the snmnicr shelters, of the hnnteis: while the caves 
were the winter residences where the w-omen, children, and old people 
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iived tte whole year round, probably also the ahamAOB and theip 
pupils, where the art of dinwing was rorried on and where also the 
dead were often interred. 

** Circulnr stnictiires do not appear to be represented. They eer* 
tainly constitute a very uticient, and In later hiirtoric limes, an 
archnir form of conatmction. But when they are nicl with among 
people who ore exclusively hunters it may be assumed that they have 
been borrotved from other spheres of civili^tiitiun. Such are the 
foliage huts of the pigmy races of the virgin fore*iis of equatorial 
Africa, described by Stanley and STiihlmiinn; perhaps also the wood, 
stone, and snow Luts of the Eskimos; in the these Arctic peoples 
also inhabit quadrangular houses of boards, covered with earth. 
The circular form of construction has been considered as the oldeat. 
end much Inferior to the quadrangular; this assumption, however, 
as has been seen, seems not to be nhsolutety correct. The circular 
form appearfti spontaneously wlien a single vertical pole was used 
ns a eupjiorl, from the top of which the roof radiated out at equal 
distances, as in the conical skin tents of the prairie tribes of Xortb 
.America, It also finds ready use in semisiibterranean structures, as 
in ancient Europe, Xoiili America, etc. As the primitive subter¬ 
ranean habitations are iwiially round, the walls, made of posts, 
foliage, and clay, arc likewise dranlar, and the roof of straw, reeds, 
or similar materials, is conicaL finch are those in ancient Europe, 
while in other parts of the world they are sometinn^ different, though 
.still similar. This round hnt, which in reality is merely a covered 
hearth, has an incredible power of persistence. Its historj', in a 
nord, IS that of the oldest clviliKation, and yet it seems to have begun 
only with a rise In culture, and even then its superiority was earlv 
contested by the quadrangular form of construction. The huts or 
hou-ses of the neolithic village of Grossgartach in WurUemberg were 
quadrangular and these are obvloiialy not the only ones, for all the 
hoTL^ea of the lake dwellings of the neolithic oud bronac ages on the 
lakes of the ^Upine European countries were also of similar shape. 

Of the Hallstatt and la Tine periods there are extant in western 
and central Europe numerous remaina of quadrangular structures; 
but by the side of these die circular building is never absent. Tn the 
region of Heilbninn tbe quadrangular homscs of Grossgartneh were 
succeeded by the round huts of the bronze agi^, and these were again 
followed by quadrangular houses. Host of the dwellings of the pre- 
Roman period still sliow circular foundations of varied depth. In 
tho trench of Gerichstetten, near Baden, which dates from la T&ne 
period (second or first century B. C,). by the side of a deep well in 
the form of a funnel were found two quadrangular houses, one of 
which was made of poets and intertwined wickerwork, while the 
other rested on limestone sockets a meter high. 
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Strubo descnbeH tbe round huts of the GauJic Celts made in the 
fona of cupolas of boards and wickerwork with high roofs; however, 
in their towns they Jjad only quadrangular btiUdings wliich, at 
Uibracte, hiitl no exact rectangular outline. The poor Germans of 
4hc towns nt the time of Tacitus buUt rectangular houses of p(»ts, 
tlie walls being fonaed of interlwinings iilled out with painted cUy; 
each house was surrounded by a wide, free space, “ ut fons, at campus, 
ut nemus plaeuit^ (where a spring, n meadow, h grove pleased 
theiii}. But alongside they also had subterranean roonib, jirobably 
round ones, covered with dung, which served as caves, os retreats, 
and during the severe colds as whiter dweilmgS; and were difKcult of 
discovery in case of a hostile attack. Proofs of the existence of these 
circular structures are legion; they have oven continued in Europe 
to the present. But the qiiadtangidar structure made its appearance 
so early that it can not be givcu a specified origin, for instaiicc, a 
fioulhem, us some claim (0. Monteliiis, S. Miiller).* 

Od the other hand,certain archeologists have the contrary tendency, 
namely, to derive from the north of our contineut for the south of 
Europe a specified form of quudrangular house, the “ Megamn typo,” 
so tcmi^l from the poems of Homer as well os after the ruius of 
Troy, Tiryntb. and Mycemc. AVe shall confine ourselves to a brief 
discussion of this question only, for it is imposmble to treat in an 
es^y like the present, even rapidly and in a sketchy manner, ^udi a 
VBiU subject us the oldest forms of building in all its aspects. But it 
may be worth while to show by an interesting example how at present 
an effort is made from various sides to pot forth and consider as 
proofs certain ufTmities in the history of art and civilization, due to 
lertain analogies and coincidences (in which the anthropologist would 
at a glance discern tlie results of convergEnt adaptations), asciibiiig 
them to ethnic or at least racial characteristics, while most frequently 
these hypotheses are the offspring of the deep wiah of their authors. 

Homeric and Mycen^n " Megaron ” was a i-ectangu Jar structure, 
originally consisting of one room, with a door on one of the narrow 
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tildes, lu front of the door was ii suiall open vestibule which muet 
have served to protect the etiimnec, na evidenced by a projecting roof. 
In the center of tiie principal chamber wns tlie hcuitU, and above it, 
in tlifi gahled rnof, on opening to let out the sinobe. Tiie corners of 
this opening rested on posts which were placed uroiind the heurth. 
In this simplest form it was the house of a small rural family, but it 
also constituted the seignorial house, in the citadels which were 
erected on the continent and surrounded with Cyclopean walls, in 
ArgoHs and Asia [Minor, wliile the palaces of Crete show no trace 
whatever of this kind of structure. In the Hellenic period the 
ilcgaron type gave rise to the Greek temple, especially the temple 
with pilasters jutting out (Templum in antis). It appeared, also, as 
an element in the grcAt buildings of Hellenistic tiin^ us nt Per¬ 
ga mum and Priene. At least it could not sulhce for the growing 
needs which a dwelt ing of a modem i>eriod had to satis Cy. 

These are well-known facts. But they were employed to establish 
a prehistoric phase of the “ Megaron ” type. Crete and the neighbor¬ 
ing Orient were left otit of consideration because they presented 
nothing anulogouj^; besides, this house with n hearth and a gable end 
suited a ctiniste colder than that of Egypt or western Asia. IL 
Henning (Das deutsche Haus in seiner historischen Enlwickliing, 
1882) found an affinity between the old German imd old Greek 
houses, though so far he could refer for the Greek house to the 
templum in antis (the “Megarons,” of Troy, etc., have not j-et been 
dUKOvered) and the Homeric description of the Iiouse of Odysseus 
and as northern analogies could only quote the Korwe^an peasant 
houses of the sixteenth and sseventcenth centuries A. D, 

The i^mblnncea of the houses of the [North with the ^ ilegaron ” 
type arc slight and belong to later periods, if not entirely to modern 
times. A house of the Viking period (&00-1050 A, D.) at Augcrum 
in Bleking, south Swedeo, had around the hearth, which stood in the 
center, four posts supporting the open roof for the passage of the 
smoke. In front of the entrance two posts upheld the projecting 
roof. TIiP plan of this building was not quadrangular, but oval, 
nearly round (Montelius, Kulturgcschichte SchwedensJ, p. 238, fig, 
■iol). The nerman honso, discovered aud described by C. Schiich- 
hardt (PrehLitoriiiche Zeitschrift, I, l&OO, pp. 20{> and .'j 9) on the 
Rbmerschauzc at Potsdam, a trench which was in later times occu¬ 
pied by the Slavs, presented the greatest similarities to the 
'* Megaron," but the date of that house, which consiLstcd of a frame of 
wickerwork, filled out with earth, is doubtfid; it dates, at the earliest, 
from the beginning of the Christian era. Tliere is, then, no basis for 
calling the Megaron ti-pe the biiiiding form of “German antiquity ” 
or. us Henning does, “Thu antique Aryan form.” It is jirohabte that 
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dieiii was not one conin]on typical form of " QaTniati anti(]aity ** or 
of the ” primitit't! Aryans,’’ but ^reral forms which n-ore not marketl 
by national or etiinic choractorUtics, but merely presented diverse 
forms t*f uduptutiuti lo the gi'ouiid, the climate, the economic condi* 
tions, etc*; of these the Jlegaron type appeared very early in BoiUh* 
ern Europe and Asia Minors in Troy of Hissarlik as early as the 
third century B, C., while in northern and centra) Europe much 
later—not before the beginning of our era. More than this al pres¬ 
ent can not be aaiierted. The connection sssumed by i^chuchhardt 
and others may hold good, but St can not- yet be demonstrated^ and 
we should rather search for another origin for the Megaron type 
than north German}’ or Scandinavia. 

There is uo lack in other parts of the world of similarities with 
the Megaron form of construction, which nre not inferior to the house 
of Uic age of the \’ildjig!i of Augerum, The Mandans of North 
/America bad round houses, raised upon a slight etccavatloc, with a 
central hearth surrounded by poists, and letting out the amoho through 
an opening in the roof. There again the door had a horizontal pro¬ 
jecting roof supported by pillars* The neighboring race of the 
^liswuri adopted this type of house* 

Tlie upening in the roof resting on posts above the hearth is also 
found oLsewbere in North America, in the Hinterland of the North¬ 
west, and even serves as an entrance into tiia subterranean house. 
This it mert'lj to show that similar fonns may be met with every¬ 
where under certain eundttianB, and no attempt b made to establish 
any relation whatever Iwtween tlie Old and the New World. Accord¬ 
ing to the results of e.\cttvations in Bccodu and Thessaly, the evolu¬ 
tion of the habitation in northern Greece advanced from the round 
hut to the oblong quadrangular construction through the intetme- 
diary of the ovrI. At Orchomenes the neolithic huts were round, 
those of the second century, B* C., elliptic, while those of the middle 
of the same centuiy were rectangular* But in southern Thessaly 
there were already In the neolithic age houses simitar to the “ Mege- 
ren* ’ It is probable that the Megaron type developed spontaneously 
in northern Greece as analogous forms did in other regions near and 
distant. Tts characteristic elements—opiming in the roof and the 
penthouse—may have already appeared in the circular form, as la 
shown by the instance of the Mandans. 
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The Irunian plateati U one ot the vaiy few countries of the world 
of which we con with authority affirm thot we know its first inhabi- 
tanto. Wc know that in gkcial times it was inacoesaibk.’ and eren 
after the melting of the snow which covered )t throngbout the Pleisto¬ 
cene period il still remained barren* during many cenlnries, perhaps 
for even thoiinands of years. When the tribes of Modes came there 
they probably trod ou virgin soil. 

We include among the Medes those hordes which, taking the lead 
iu the Irenian * movement, first of all invaded Hyrcania, crossed the 
low plain south of the Caspian Sea, occupied the moimtain.s of El- 
bure:.and advanced on the Persian plain ns far as the regioa where 
the citi&i of Iviishun. ITamndttn. and Kettnnnshuh now stand. 

TiITien the tide of invaders reachnl the monntaius of KiirdiEFtan it 
encountered some peoples wlio, come probably in early times from 
the valley of the Tigris or the north of wekem Ask,* settled in 
the valley.s; they retrcatiKl before the invasion and spread out toward 
the west. Perhapi* in this niovement. of pwtples we might see the 
origin of the Cnssite dynasty of Babylonia,* whoso fonnd^ Gandlsh 
or Gaddnsli niled from about ITfil to 174<S B. 

But thv invasion of the Mwles was not stopped there; to the north. 
Armenia, all of the iipf^r Tigris and the upper Euphrates VoUeyB 
were successively ocenpied, and the Iranian bands penetrated into 
Asia Minor and as far as Oronte," the homes of the Hittifes.* 
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While the pjov^etpeiit id Hie Medes wp^ executed in the north, aJi- 
othcr brauc^h of the Aryan group, the Persinns^ advanoed toward 
the ^^oudieast and south and occupied tho cowntrien near the Persian 
Gulf and Perma proper** 

Since that period that iss, rfnce about 4000 B. C., the nature of the 
population of Persia hm liceti jriodified^ only in Media, tlie inTssion 
of which by the Tiurka, only a thousand years ago^ drove back the 
anoieni inhabitants on their congeners in the niijun tains of Kurdistan-^ 

Frorn the twentieth century before our era western Anm has thu>: 
been shared fay t wo very dktinct elments, the old races. Semi tic aiifl 
alM>riginf?s (Elamites^ Ilittites» Caucasiaetc,) in the and the 
newcomers of the Ary an group in the nortJi and east.* * 

Among theise twoeicmetiLs the principles of goTemment show some 
docided JitTercnces. While in the Semitic country feudalisni was 
based ou ab^lutc obedience to suzerMin and entire ownership by the 
master, among tho Aryans the same system of govcimmont rested on 
the great vassals or companions of the supreme chief." Thia nobility 
iDctudcd the younger liranches of the rttyal family and tlie priocipjtl 
t hirds of tritws which trad taken part in the conquest. It c<in^tiluted 
u sort of council which governed with the sovereign." Tlic deigniors 
themselves in their provincia^l governments surrouiideci Hiemsolvcis 
with their principal suliordinates, descendants of those who had 
served under their ancestors at the lime of the invab-iou. 

After the conquest each of the chief vassals was grontefl or re- 
reived a territory proportionate to the irriportance of his tribe, and 
the ssjijne was done for each of the clans, then for the Thua 

a kind of complete hierarchy was established from the o^vner of a 
village or a grotip of tents up to the fsuprenie master. 

The empin> liclonged primarily to the Medes; probably becausi.* 
thvy were Hic most numerous and the first eoinrrs^ But tbcir forcefi 
being spnvftd alt the way from Parthia to the barders of Oronte, Oie 
PerSfiam, whose forces were more conccutratctl* snatidicd away their 
supremacy. This revolution was otherwise of no consequence from 
the point of view‘ of eocial organization. Cynis governed as king of 
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tho Persiuns and Modes, while bis aneestors had been ruled bv the 
king of the Medes and Persiaus« Tlie ebief men of the realms kept 
their estates and their rank, and, according as they were ehlier of 
Persian or Medic origin, they continued to compose the royal imuncU. 
It is tnte that at first they were less farored in what 001100111011 im- 
pertant adairt!, htti little by little eqnilibriiim was established and the 
Persians und Mr ties became n single nation. 

The Achannenian sovereigns divided tlieir empire among sutrapis, 
for tlie most part hereditary proprietors of the land, whom it would 
lie a great injury to have as governors, tJi the sense given to that 
title in onr day. The seigniors of less importance conserved their 
righte, their privileges, tlieir lands, as well as the inonil situation 
I hey had in the State. This aristocracy was q curb on the royal 
power? the kings dreaded it and willingly or by force goveniefi 
under it. 

To l>e sure, in times of trouble nr revolt many membera of this 
nobility. ItoUi great and humble, would be losers; ‘ but Lliese rigor¬ 
ous measitrvs applietl only to individuals and the principles weiv not 
in the least broken. As n result of traditional influence, where a 
king could he found to preserve it, the feudal organization was niueh 
more favored tlian opposed by the Achsemenidm. Slorcover, feudal¬ 
ism jnsured great security through the loyalty of ?iubjectsi of the 
empire. 

Tiie Macedonian Coiiquesst brought the first great change wldch 
still suiwives in the political and social life of Persia. The Greeks 
must have a governor for tliemsalyes if they would preserve the 
empire. Xearly oil of tJlc great satraps, Greeks or natives, were 
appointed according to the ^vemmental views of ttie conqneror 
and his foUowen^ Macedonian gitrrisoiis occupied the principal 
cities to maintain the obedience of the inhabitants, to lend a strong 
hand to the governors, ami at the same time to watch their conduct 
The Persians who tinder Alosatider performed the <]uties of satraps 
were no more than officials, obedient to higher powers. .Vs to the 
common aristocracy, it felt this change in power in a much less 
degree, for its privileges were continued, its property remained in 
its possession, and perhaps its local influence was even increased by 
the dchasemeiit of the chief seigniors. 

Tlie defeat of Ehiriuii Codomanns brought to tlie high Iranian 
nobility the lo^ of its army, which was the chief source of its riches 
and of its credit, ,\fter Alexander, the principal oIBcets were Greek.s. 
cominanding tlie troops of their nations, and if at times certain 
Persian nobles served in the Macedonian army it was only at the 
head of nat ive troops, and consequently without much authority, 

b fhld 111# Iswrrlpltwii *f TiurlaA at BlMauEjaEui, 
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of the officers of the Aehfeuiealjm army reliivd to their kfids* * 
hoping to &CO ilie hiippy fortune of yesterday returiL 

Thu politicjil policy of die Seloueidni followeii in rU respects dmt 
of Alexander: aeverthdcsSj the mUitary porrer of these kings, no 
longer banng the energy of the conquest, nnd the >fucedoii:inn forces 
uvaDnbie for an iiivuifioii Indiig insufEciwit in iiuiidier for mntijiiied 
control hy force of nrms;^ the seigniors of the tinieti of the Achwtiieii- 
id EC again took the leyd and endeiivored to i^gain their inflepetid- 
ent*. Revolts became fi'^nent in tJie provLnsM!!s, uicmriiions on the 
frontiers miiUipIied. lliere then arose, cxclurive of Boctria* n con- 
Bidorabio number of gtnall reulmSj fiuch os that of the 
Scythimi chief?? who had established themselves in the E^eleucid 
province of Partbiu,^ such ns that of Perside.® where the priestly 
diameter of the princes const mined the kings uf Syria in some re¬ 
spects. mid numeroui^ etnsill principalities, of ^vliich even die name,^ 
arc lost or hardly preserved in history. 'Tliis was the uwakenitig of 
national feuLlalr^i^ and this feudalbni seems Ut have bcf^ome of more 
importnnee lhati ever when there suddenly occurrad the conquest of 
Persia by the Pkirlhinni^ 

The Parthiuins were Scythian nomach, in ancient times tenting in 
the valley of the Ochus, a river of the Osu$ About 250 B. C- 

they crossed tho Selcncid frontier, entei^^tl the provinai of Paithia, 
iiHd establisheii * themselves there, retaining nil of it, with tlia city of 
Dam,® as tlie seat of their govermuedtt the capital of their iLficieut 
patrimony. In this wuj- they foimde^J a sniall State, which for ubout ■ 
tt century wi^tkd for ita indei>emienee and incueased its powi^^me- 
w'ludr Finally, ilithridatcs 1 ^iit^ifeaded not only in pushing hack the 
Greek trcjops? who had attempted to crush hb rising powerj hut in a 
few year^ he took possesion of entire Persia, some Bactrlan prov^ 
inces, and at the end of hi^ reign minted money,* even in Syria, whose 
King. Deineti'ius Xictator, wii^i hk prisoner In nyrcnnln.* A new 
empire was founded^ itself hosed on feudalism such as WR^f in 
force among the Scythiati iiomaub. Tlie seigniors of the new stock 
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revived soiae appanages. One King. Bacssis, probably of tbe Par¬ 
thian race, imposed a tax on the Medes. and the old aristocracy 
was humbled by the new, the princes of Persidc among otiiers.’ Tt 
was nt about this time that were founrlml the principalities of 
Chnracine® and ElymaTdef* * as well as the Kingdom of Anuenia,* 
which later was the cause of all tlie wars lietweeri the Romans and the 
Persians. 

KlymaYde and Charac^na had become dependent provinces of tlie 
empire, but kept tlje right to mint money,* n priTilego of which only 
traces are found in these principalities and which Mithridates prob¬ 
ably tolerated only because of its immediate neighborhood to Syria 
and the services that the dynasties of these countries had lieen able to 
render to his cause during the convicts between Persia and tiie 
Selcucids*. 

But this changing of government did not modify the deep-seated 
composition of society. To tbs old great feudatories were joined tho 
new, and the lesser sseigniora became possessors of their lanij, passing 
only from the authority of Greek governors to that of the new¬ 
comers. The Parthians were not concerned in feudalism os a whole 
for that mode of government was already in accord with their tradi¬ 
tions.* 

In Elymaide, under the reign of the great king Osrofe,^ tlie ancient 
dym^y of the Kanmaskir^ made piaoe for the new princes all car¬ 
rying Arsacid names,* dynasties which, like those of Charaefene,* 
could no longer from tho beginning of this epoch coin money with 
the portrait of their nilcr, the King.of Kings,” though bearing their 
name in the legend. It was feudalism which started the upheaval 
that ov^hrew the Arsacid dynasty. A prince of Psrside, Ar- 
toxerxes, son of Papek,** profiting by the instability of the throne of 

^ |4?, XV, til. 5* 2X. TTai* flf»t prHod of Prsmtaia nmqtitiniiiJc uitoEMaiaf hmi- 

OkUtH* A4KUt ESG Us iDii itapi mb&m tiii #rw:]a of tHr rtn* *f Ib 4 po%'c>r Of llii^ 

* nypM^lUtw (About 124 B. CJ tbt flrrt priw of Cbutoi^qfi of W* IlAt? 

mninlo. Ris WmA rloiibtl«a tlio foasder of hli AjnsMty nod Ibo rmtim of tlw- rflT iif 
i?iu.ru Cf. LuetML, KVl. 

^ Tbi ttiAt wm know of }?ljrmtTdi> Ji « i^rtsdracbm of KtiMDukifta (nj 

rtrticlt Obibut ICO ft, C.^ Undpr tht rtljfn of JLiill«:biu IV of Dvmrtrlui I of Hyii*. 

i bKd liTfo tbv Ctwn of Ana^olo lo his pan Vjiliinaaw. Cf. Mgrfct dv 
Kboral«« LkajclOli TmuslatljOn, 1]« 

* Cr. E. ftab^IoDH Bur Ik aumlffmatLiicH- et Ik ekn^oloilo de tbti In Jeraru 

*t de niirolrtiilliiuo; Atli«nf, 1S49, pe, 331-itH, coL WUttm d* Ik futt 
Sur Lk mamlnstiiitUlBr de dAbi Mftn. ft^lrt fa iCSK, fteV. Duniltm ' 

iE}43EL La IlTiiKJitle Kked^kkIeIf^ 

•Toward iba aod of th# djfUKity tbe PorthlAa iLobilftr okIIkI VotiauKv IJ to tSw 
ikFObiv Whra that prlntx «kk irSccPoy of MmIIk. nod Incited Ui^ii^rdKtKi to wpoU ajiKlnit 
rfOlanfK, which bfOOirbt ClDMI&Ui fo ihm throELifi, ft-blrb m^klled Art«faaD [It artirf 

bKTiiif ^'tbroo^d him, Kfc. 

* J. da Mar^o, NusHniuttiquB 4e Ik PtorH Kntltiuo, k wOlt la otroKratfOO 

■ Col, AlXottw de la Fnjo, op. l&ftS- 

^CL^ nroniH. Jemra. Aarlat, jQbt. iCfiO. ed , tter. bum. sd quortf-r. p. »73 wq. 

•I. 4a MQre^b, Kndqii^i In piYparKtlau. 

^ CL Ton OaJPL-luEiKiJtp ZeltHkr. d, Prut OttelL. IH, 754. 
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P^rsiftJ the powc* *r nnU the ® of the people of the 

Irnuinn race- From that time the Pnrthiau nobilit}' was humblcKi 
in its lurti, and that of ancient times Again acqtiited nil its precogrt- 
tivcsL The Arsacidos anii their congeners disAppeareJ^ some took 
refuge in ArniRnk,^ in Georgia.* among the Aghnanbs^* and 
in other countries $oinc princes of their family* $till reigned- 

As to tlie majority of the Pnrtliinn tribe^ it became ab^rbed in the 
Trnniim mas^^ and left no traces. 

The Pet^ian seigniors worej. one after another, called to the liighes^t 
duties of the State: they reconstituted the conncil of nobles, who* in 
many instanoesT attained the throne. All the satiTips, all the high 
officials* were Persians* and the principalities^ reduced to obedience, 
c!easi^d to issue money. In this restoration of the Tmitian power the 
Sassanian sovereigns were encouraged by Archcemedian tradiliona, 

TIic Arab iuyasion followed, which modified only the religion, 
having no effect on other institotions of the country. The Pennana 
became ]tliissulmans widiout making any great resistance. The tHr- 
mm were substhnted for the MnKdeim priests, and among the !5eig- 
niot^ hereditary rights were transmitted as in the ptist, whik some 
of tlie important feudatories of old up their principalitiea in die 
realm. The I^peliheds of Thab^ristan (Mazanderan) coined money 
nf the type of CTuroso&s IT but with Mussulman legends," 

Tlie only effect of the invasion of the Turks in the north of Persia 
was to drive out the Irantans vrho dwelt there and to substitute the 
regime of the Begs for that of the Khans and the Aghast but it 
affected only the open regions in the northern territories, the moun¬ 
tain country remaining Iranku-* T!ie south and the center of Persia 

^ At the elm of tke nlfo of mthridoteii IV^ nunuQroDg «izi|it|l|aro for tbroae tJto^ 
Id dII Xhe I'm^torv^ of llw ArUddor, Of WlUcli ttii? cirafl; wakened bj lEiflr ww 

Dvidiui ibe Bohijidh ibd itfaEDit tUi barbirUD of thi bocijiif dlmLafBilif«a 

fHKti. (bv lo il*J, 

folLfelen wm pm^rrod purei ihiaaetiDut tiu- PatbUI^ 

wbvnn cnuaus Iks lki-«4ilELlaTi djUiiitr. 

■The Arclrid djuA^tj of Arnn^Dlfl, DomlthBtJlpaiQa lU milDPfoui i^qArrelp with Ttcm^ 
Eucroodfd in, mJiUitBtDlng liBelf rer a lOa^ ttoai nCr^r th? fall of the Anadilr I 9 P^rsUt. 
Lf. Molae Bborfoi, Ptotk^DUa fflliL do rArtnfPk>, lit 

* TrkpjieaDai^lai wai tktb dlrtdt^ loto a iprlt DEUDbor of naitill atH-tM. crhlob |d turn 
FAiM4 to -Thn aoED*a« ziDd lb« ParttalDEu; an ArwM4 hmA-ih Iill4 »tAblUheii In 

I*kUmn1fla, lUtf. ArtDvEL 

■Oho AmcM 1»rtthtfb tDlod ora th« Nonckun* titi.ii tho TbrUiti^ ittflctrla h.d1 C!Ab4DlL 
fcDDlbir Ih* MiMextH od 4 tlw EphiM iljepcm<m Of TaeSm), to lllo tkutih Of 

thi^ KlDicdum of SAOA.Ntta'C mhil of lAc fiuliu Repovr Dl»n> to tiwa fododml 

br k krt-M* nt tki Amdd fksiqJIrr 

*Tbe+* prioi^B raled At TtrtbfrlittiD tcouatiT of fentchebiH otbtrwiiw itmlloil woo4r 
obop|Wft.U foPT^l r^glcsn &f M(U»h(ferMii ilTum^; botwern tho plmla of AJihraf aPd tii# 
dktrlfi of Tud€U1»ud, ootnprLilnf Ibo oUlW DC Bnrfrail^ Hiarl, xb4 ARjoI* ddA Limited 
ID ikB fbnth by tlif niQtinliLLDft ut HabLjix Tbta rrlfirfpftlltj kinl DoUpletiJf dimppo^rfa in 
ti» MJdilk Airtt Id>^^ thore r#'niolniP e? 4 rci]lj tbo rariOorj of It Id th* oovbtrif fbAt 
Isrluilml [t, 

•AO klitttDdEmD^ GhJIiD, Hbd TjiUib trDtalbied In th« pg«BwloD uf pooptei ■pukinir 
IrapiBa aillKtx. Cf- J, ^ Iforciui. M i n i n a BdoDllf. rta Pilfat, IflSB-iaOl. V* paeUa,^ 
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remAinoil tinchatigod nud prescn'ed feudal traditions tindfif which 
tho national Icings were trusted, like their predecessors, with the 
throne. 

Finally, there foUoiived the dynasty of die Turkish Khndjant,’ 
who exploited the country but did not govern it in all districts 
adjacent to the principal centers,* * in thtse where it was easy to oper¬ 
ate with armies, the old nobility disappeared little by little, ruined, 
dispossessed, deprived of important duties^ but in all the remote 
provinces, in the mountains where the Turkomans dared not ven¬ 
ture, the Aghas, the Khans, and the Vahtia preserved their absolute 
power at the espense of an annual tribute which they paid to the 
Crown, 

Moreover, the governments of the provinces being sold at auction, 
it was among the landed property holders, among (he Khudjar* 
princes and tlie high Turkoman dignitaries, among tliose, who in the 
eyes of the King, offered the highest guanmteea, that the administra¬ 
tion of the provinces was distributed, and often the seigniors of old 
extraction bought the government of their own dependencies in order 
to safeguard the interests of their families^ In this case th^ left 
all their serfe in the dependency, decorating them merely with 
[lompous titles pertaining to their new duties. 

In that case, on the contrary, where the new governor owned no 
lamla^of whirii he had purchased the goveiiiment. he attached to 
his suite certain clients* drawn from his particular domains and, in 
ciaiEideratioD. of an annual rent and some gifts, granted them all 
the e.xpenses of the Pro\TDce, allowing to each according to the face 
value it offered. Very often the purchase of the same government 
wos made by a joint company of all these olliciab. It mattered little 
whether the several members of the company had tlic requisite 
abilities for filling their offices: eaoli district was given its vice gov¬ 
ernor, each group of villages its chief, and eveiyono was located 
with his own clients living on the country and squeezing it for ail 
It was worth. The demands generally exceeded reasonable limits. 
Then the governor was changed, his followers retiring with him, 

AbflUdOtLtid Ihv i>]d IftpaMp Afid foond^ a ncv gue aE. Tirh^nn. 

nmr the flltp of HHrAf Id qtAot to 1» Sn llw lulilBt of iht lliftd formorlj 

qQcred bs lll^ Biui io onr TurkcmuitilA from which lb mve oE noctl thuj cciiild 

brlDK wmB tribes. 

*T|]« TnmmtEl tritMi at {^djsn lived «t Ak E^ls \wMXn Od tho rlfer Ksra 

(hU'^k Wstvri. BOBIS 111 tiff to tho Borili of IIm ei tj or ilJilmb4ri an tb« TBrkimisji 

Ersmpt frcun fsjes snd with tSTan, «ltiC# tlw throEWf hffloBCied ta osij ol 

fhoir uumbr^r thli ttIUe llvwl Is |ilS«ntiu. 

Khadjsr prinf^ liiLTffttsfhi preatlj in F^nlSr P^th-All IsluLt hjid mitn Uis4) s 
Tmndml tonm wlni nriirlj i.ll hdd di^ndsnif, 

rii'Il bowhold of a forem*f was oE n bonded perSObs tnorr cc less, 

wlthoat count lni£ the serraiafi^ mlnLUftrs, chBptsljLi, doriori« sffcrutsilm tI« ^VErMi*, 
H'hSrf^ mr tJtJlSw, trvsAUrErs, str. Im S Iditittff hOuBcbotd It nrore uammwt KlH. 
N'ose nf tbess fUD-glloftBriffi wnr* RaM, but on tbp eostrftrr. It wsi s trmpflfifj npAoH 
tL> titiEi wbo ihA poAltfoQ, 
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wid u tJBW offieiaL flce^mipani^d na before by a great number 

of sateliSte and inspired by the same thought of grasping oe much as 

possible. 1- t u 

It was in this way that feiidalbim in thei^ Provinces \ras little by 

little crushed out, and though some of its privileges remfiiucd, li 
was only by tolerfluce on the part of tlio ruurt interest it wa ,4 

to have always at hand some pcrsotis responsible and able to pay 
uceordiug to the needs or fancies of any of the offieiiils of the pro¬ 
vincial government 

The^ aeigiiiors^ through fear of losing their landi?,* * ernshed the 
people to satisfy their high poddon. Their only authority was that 
which rciiiRined over their alaveSi All carried high sounding but 
otherwise empty titles^ such “ the saber of the law* the sword of 
empires, the eye of justice, tlio backbone of power,-' etc. They were 
marshals^ generals, eolonel^^ w^ith no duties^ aa was well known* 
Watching the fium poured out io the King of Kings in order to re¬ 
ceive like honors, the only advantage of which was to give them a 
favored place at court, some slight protection againt^t esaction^, and 
the hope that there might coiuo to them a day when they might like¬ 
wise purcha^ a govei imienL or eome authority permitting them to 
replenish their purscf^ and aiH before others as others had acted befor* 
thetiu 

Such Wits the coudition of the nobility in the royal Provinces for 
20 ye^rs. But it w^ay far from true that all the Provinces thu^ will¬ 
ingly obeyed the wishes of the offidals named by Teheran* Prac- 
rically. the compass of many of ahe Provinces w^s limited to the 
principal place included iu its jiurisdiction, while the rest of the 
Province remained as before, under the authority of seigniors, obedi* 
ent isomewhat less to the royal ofGciab as they were farther from the 
largo citiEfi, and ns their land was more inacoes^bkp 

These Vahlis, Khans, Begs, and Agha^“ were veritable kings in 
their domaiui?; they succeeded one another from father to son, re¬ 
ceiving only as a matter of form the invefiiitiire of Teheran* They 
preserved an absolute freedom through presents sent at opportune 
tiniest the richest were oflfered the very highest guarantee, tliat of 
iiiarryiiig, m consideration of a very great siiiiu one of the numeronp 
dsiighicrfi of the king. _ 

* Elifb liiil n» rwpmaiUile cWel Atid tlili la* whild iMMrdd 

iHica T WM tti* prtiprlelQr at tba IIUWJ, the K^mn wl4* sttw uwoed manj- 

fillo^ Thv li^d «!.■ iold m\s irlia %h^ Ijukim* buUt mod tii* pHplt dwelltn* 

saA ttr Tbfjr Htinutrd |l>d! thIm dul KCCOrdlSf Uac hlk* dif iftndu under 

bat tmnlllkf lb tb* ULLUalwr ot bnuten, eaeh tidUikt IwIoe Mtiatit^d IX At# ^rsaiu. Jl 
vu Uav wmmt witft IhP IfOw* wbb MllDiMliid finly by tbb BLuntwr of lufiLtl. 

* la Ibt vtnifle (if TAurin thirM w4iV In. 1800 fflor* iLw* SHOOd bHirittfl 

ibr iilk of jTCfiml or IdcSar oIBctir. 

■ S» tb4 wtiTk «ib l^cLTd fiPuJjJlm tii lb# MlddJ# Abi^ by Cbirtf SiiQ#fci, trnA»Ut#d hj 
tL ChBmoj- 
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Thfl power of thtse prinoes was unlinkiiod and they couJd piil to 
death thoso of their sitbjects (rayats)* who bad had the misfortiiiJi? 
to displease them. Their friends and fendotoriea were their offi- 
L'lftfe, their funetioniiries whom they otherwise designated as ^ do¬ 
mestic/’ hnt who, in fact, composed their coiinriL They never exer¬ 
cised the powers thus granted with cniclh" or injustice. Their p<Ki- 
tion itself depended on their ruling properly, since their feudatories 
were always ready to depose them, jnst as, under the Sus^anian-s 
the nolnlity drt>ve the native rtilers horn the throne. 

The peasants poured into dependencies ruled with justice* and 
the wealth of the chief well as his aiilitary power was appreciably 
iiicrcasied when the ruyatg thomeehes quit the territories or ruled 
unjustly or arbitrarily. WcaltJt in Persia does not depend on the 
ownership of land, but solely on the jMwer to control lat^ir to 
enltivale it. 

Among these tribes there are some customs whiclu although not 
written, have no less the force of law, and it is often by these 
conunon laws, the antiquity of which goes back to the early period 
of the Irnnian invasion^ that cases are judged. The Koran is 
faithfully consulted, but its test^ always very eWtiCi has not been 
inter foretell in the same spirit which always has ruled among the 
nomads: thus %i lends itself with extreme comphicency to the applt- 
mtion of old Pei*sian customs. 

The sovereigns* who have reigned ot Ispahan, those of Iranian 
blood, far from seeking to cnish the aobUlty, have made of it a 
governmental instrument of the first order. Likewise, resting on 
their feudatories and on the townsmen of cities wiUi whom the un¬ 
derstanding has been extremely frank, they have made Persia the 
richest and most powerful coantiy of ail the OrienL Tlie wisdom 
and the regard for traditions which ruled at their court and which, 
under the Achicmenidas and the Sassanians. had raised so high the 

' TftB- wni IJ t J»*Tf IIUD B pBuiant la tb« nuBDlaff thi i itlr« to tli# Uttw 

elMB. TIib hO^orer, bu mv (Jiff i«rt the |^t HdvaalMfi; xmt he cad tlu 

vlthcat p^zmluJiOD of his KAUtr BBd eRtehUnb hlioielf «lh,‘wher«. TaiM CrlTttm 
p»tec!U him from loo «x4d.lori!i. 

■ ] him MCD tome £lBiu, wbert iho oftJif wi.« nm b JiiBt OMii. iDCf#Air Iq 

fflor Qt rMP^ fmm 10 to 300 tfOta lad fn^utaUj Blio the rartne Bftp«iLro4. 

■Thtf Kltifis of PeraU <s»tT7 the tllle of ^tuttuLD^hah of kin,." 

H tiUo HMllttaUr tfoauL ITmler Ui« OwodIaiiBh the ElEk wu written Eh Iho S^Itle 
iBBCfUfv, 3j4]kAii llBlha. Tbich couM p^rtuipB Iw ihJLliBD-Bhfih; under Ihe PftrtlxUhB 
itqr wTOtf IE In Oreel, BuU^ai CodHr the AthBiamtdie, KhibojnthlrB 

^htlurjiihUBaea, Whence tile dttUftl r^°ouDcloE|hCLp Bad AdLfcmeoJdB tma 

Li^rTgVvil from Ifae AaijrlBiiJ mi- taliB “ mit ear martftt “ tlni ot 

mr la nihhar Taatjn « klnx of bU oAtloom*' ior sitrl « kl^t oi The PeniBox 

tCHdAf IHTC tUOleBlir In explBlatar tMe tlihs. To the cradiilona th^j tir UiBt 

the Hrmlgti. lA In TvxUtf th* Wax of other Idas*, that la ns* world aothlax [b Amr, 
without Oifder. W’ltri lorei|[hcre their prrCehtJdaji bh Im* (net Ther ■■» 000t4tit lb 
lar that Ui« M-Qst £lu f<iU«a tnta dewtade, not teklhx mnj tiocouat of Uio flct tlixt the 
KiDf of rcnla !■ ilUl dlcctlToL^ hloc Of 1 fre«E number of eelfnlQi^ md Ibat hU iltEe 
le ihnt which dti htm the bMt. 
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honor of thoir cOiiiitr>% hnd ifimblcd them to organize* Pcr^iii in ac¬ 
cord with Iha spirit of its people, to enrich it nnd make it powerful 
in the eyes nf foreigtierfei. 

But the Turkomiin dyitaety, on coming to the ihronn? broke ^^ilh 
ihe old in^tittitioos^ not through politirt; but through cupidity. Tn- 
stead of trtilling to fendalisiu it combatwl it Ijocrusc of itfi wmltli, 
forcibly cfetroyed it wherever pc^hlc to enforce its powrr, rephe- 
iiig thiit system in the government of it.^ lU'W subjects by a liier- 
archy of tyiants preoccupied altogether with enriching thenxselves 
and with responding to the demands of its mailers at Teheran> 

All the wealth of the country was little hy little absorbed by the 
King and his followers* by his Imtcm, liy hlft !uincus fancies. They 
lost in Persia the idea of administration, and little by little ilie 
thirst of robbers gained the entire country. There was no longer 
Justice^ because from top to bottom of the social $eala ihe aim pur¬ 
sued was unjust^ No Songer were there works of public utility, 
which had been tlie glorj^ of the reign of Shah Abhas. No longer 
wn? there an army, or poliee, for the palace of the King ale^rtieil 
all the resources* and extortions, os well us the sale of valuable 
privileges for iieady money, caused a general inipoveri^hment of 
the country. The royal treasury, called the reserve of the Khudjars, 
was emptiech and nothing was left but the name—the jewels and 
the silver plate w^rt* sold, debts were ineurred to pay daneep and 
astralcge.rs^ to maintain the [leople of the harenu and to ti^l 

thcmselvi;:^ rtijRlly in Europe as well as at home. In this way. in 
iiboul a hundred yeaxs^ there passed si way sm Empire which had 
merited respect for centuries. 

But though the Khadjars succeeded in reverfilng the old order of 
ihings in all those parts of their empine w'hich they could directly 
contrnL they made hardly any encroachment among the mountain¬ 
eers and in regions far from their s^pilol- Feiidatigm there sur¬ 
vive.- in its fuU force. In Turkomania the tribes still live iis in 
the time of Djenghis Klian and of Timour Leng* and their Beys’ 
are nbsolute masters in their tribes. It is the same among the Aghiui 
in certain partu of Kurdistan, among the Khans in Liiri^^tan. among 
Che Vafalis in PusliM-Kiilu in the country of the Bakhtiyari. anil 
fartlier fitill toward Che eat^. 

These are the same Bskhtiyari, seigniors of the old Iranian stock, 
who Beck to overthrow the ohsoliite power of Uie Shuhun-ShAh, 
renewing niter an interval of 17 centuries, under a new form which 
probablyt alas will be less fortunate, the revolution which Artax- 
eraes 1* son of Paiiek, the Soissanian, earned on in Peraiu. 

A third of the Empire* if not the half of the habitable country* 
has ahvayfi submitted to feudal rule, and entire Peraia b still Imbu^ 


i la Tkirffc^l in. BmI : !□ Ai^i rbUaa maA VrajucADUblA^ Bec: Uir OKtmtbllju 11^1. 
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with Lhe prinfiplt i>f fijiidalisitu writh respect for a bierurthy which 
htts been in force for a thousand yearK- 

Among the seignloni whose power him been preserved safe and 
sound there are those who never mention the njune of the King, 
who wnii not for his approval to transmit the power from father to 
hon^ who for t^entiiries have not turned into the tnensury any tribute 
whatever. WTieii these and their myats express themselves con- 
their Government there b heard nothing but maledictions- 
Sincij 1SS9, when I first set foot on the soil of Persian, 1 have lived 
much among ihe nomads and in the military' campstp Some reniindei>^ 
of 01 V sojourns among these primitive people will haire^ I thinlc^ 
some interesT. From an ethnographic and sociologic standpoint the 
story you are aboi^t to read an ami rate account of the situation 
in which tJie latest great seignioni of Per^da live- T w^ill not at¬ 
tempt to de^ribc these old dependencies or enter into all the details 
nf tbo life of ihe inhabitoiLls. but desire only briefly to ;?how' what 
their system of life ia^what are their ambitioim and occupations. 

When, after long ttid tedious halts on the dusty and stony road^ 
of the PernLan plateau^ you emerge from the defiles of Elbunt to 
approach Astrabad^ you see in the dislatice an immense plaiii^ end¬ 
ing at tile horizon in a blue line seeming to follow^ that of the 
Caspian Sea. which bounds the view on the left. This plain begins 
at the foot of some hills forming tlie final spurs iif the greitt range. 
It seems to itfach to infinity. Smooth, without the least wrinkle, 
of a utiifonn green colort it surprises by its luintenslty. Here anti 
iherej however, ialcis ri?^‘ in this ocean of verdure, some ktiulb !?carccly 
perceptible in the ditlonce jind losdi in the haZiy blribib color of the 
Jiorizon. I'licii, with field yon distinguish some small gray 

|jointii, soMetinies grouped^ sonietLines isolated, now and then joined 
like the windings of a great serpent. IxKiking closely you see the 
land disapiwar from \new, always alike tenvard the north, and you 
understand why the artcient geoginphers considered these imper- 
<Teptible limits as the end of the habitable world. 

This plain is the steppe; these moimds are the vast mins calcined 
by the burning of the great cities of antiquity; these grayish points 
show the unknown villages grouped by tribes or fixed on the borders 
of MJtno W'atcrroui-sjes which, sprinkling thm immense carpet of 
verdure, flow out in a thoiisiind recesses, slowly* in harmony with 
the majesty of the region that they traverse. This blue line of the 
hriri/.i>[i is the Empire of the Tsar. 

Still advancing, you descend souie low bilk covered wiili bushes: 
then all at oni'e the land becomes level and the steppe begins, covered 
with j^hort gra.ss, without a pebble, without a ItiJlocrk, to break the 
monotony of this perfect level 
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To tlie ripht aiid left HreiKitiioEtnall circular knolls^some dcciiueterK 
lit leatri in boigitt. encirvled bjr a ring about 6 feel in diameter, frorii 
which the groiitit] appears to bare been dug out in former limea. 
You KPcm to SCO triictw of child's play, 'fhese arc Ttirkfmitin gravea. 
Little b)» little the rains have elTuccd the small tumiiluB and filled the 
circular pit whence was taken ot(t the earth of the hillock. Thwe 
graves, scattered vrithout order on this immense plain, mark the place 
tvhere died those whose bleached bonea rest some feet underground, 
near some encampment where the tribe then lived. Then, the de- 
mand for troops calling them elsewhere, the camp was left, and no 
one since then has stopped near these tombs. From the day when 
the earth received them, these licings have been forgotten forever. 

We ppKi? on, and the journey is continued with no signs of path 
or road, for the steppe has none ■ hut we nre guided on the march by 
the sun. Xight falls, and the sIahk replace the min to indicate the 
course. 

Finallj', at a little di.'itstice, wnie beams of light are .“ieen and bini- 
denly a pack nf hounds come bounding forth. The gtiardians of 
the village are warneil of our approach. 

The village, otherwise of very little ioiportance, has about 30 
kibitkas, or rircular touts, 5 to 8 meters in diameter, surrontidcd by 
a latticed wall made of reeds, skillfully tied together and covered 
with -a thick felt in the form of a dome. Thu men, svatijd there 
smoking the tchibong, are capped with enormnus hiils of shuepakin, 
dressed in u dark blue cotton cloth, sordid and coveml with grease, 
soieUiiig of sheep, horse, studded with vermin; near them are their 
guns, and at their belts glitter three or four rows of brass ii'flbbnnbt. 
On the ground an olil mat and a carpet, tom and -’Liiued. In the 
middle of the kibitka bums a fire of argolee, the acrid smoke of 
which mingles witli that of the pipea Some young Jjimbs and a 
colt are tied in a comer; a pile of mattresses and coveringH wait to 
rerve for bedding at night. Some women in red mgs and tatters, 
these likewise of a repuhnve slovenliness, go and come, taking orden* 
and grumbling. A littlo boy approaches and ga^c^ at me with his 
two big. beautiful, duaky eyes. Most fortnntitely, being Cbri^rtian. 
1 am impure anti conserittently e^cempt from the grasp of the bund 
of the men and from the caresses of the child. The dt^ alno are 
impure, so that perhaps through dread of filthiness or respect for 
belief*: they dare not cuter the kihitka, and stay at the door. 

After the custfimnry salutation-*; these people conversed on subjecis 
of interert to them—their horsey, colts, money; above ail, of silver, 
but also of wool from their sheep, for which they did not obtain 
as much as the value of n dog of one of the .Armenian Christians 
come to the village. Tills ssle kept iliem a little too near .krtnibad, 
which mndo them fear tlmt the governor might hear of their indif- 
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ferunt cotiversfllion on the subject of taxes. Slorty>v‘w, on the 
aUtm they prepared to wUh.iIm’w toward the Atrck River, so as ttot 
to pay the Adj^mis (Ferpums). Then they tulketl aiKiut one of 
their young jnen who recently had been aLfuned of stealing three 
horses from n Pcfsiati camp and commendecl his valor. 

Thinking tliat 1 hud stayed long enough in this dirty, infected 
platjc to pay honor to my hosts, I entered the tent prepared for my 
use. Late in the evening, a great Ttirkornan brought a large copper 
tray covered with a doth not toe dirty. It is my dinner that my host 
offere me, some curd and diecse, a ragout of chicken with saffron, 
some rice, gome bread, and a roast goose. Unfortunately, they bad 
neglected to dress the goose. 

Of the same race as the Turkomans,' the Shah-S^vends» arc the 
Tartars inhabiting the valley of Kara Sa, tributary^ to the Araxes. 
Their territory lies between the Russian frontier of Leukoran and 
Kora Dagh.* Many years ago they revolted against Fcreian aii- 
tbority, pillaged the ncigliboring villages and the valley, and were 
H>he!dicnt only to their chiefs. During the 25 years that T traveled in 
Persia, it had not been possible for me to enter (heir country and 
the only time that I had had tiie privilege of meeting any of their 
chiefs was in the .‘jtrcets of Ardobil, when they passed by in chains, 
Blit since that time the chiefs hare settled their difBcnltics by mak¬ 
ing some presents to the authorities at Taurua, priticipallv to the 
crown prince, who Inter occupied the throne under the name of 
Mchmet .^hah, and to-day, returned home, they have resumed their 
life of brigands and wage war only tlie niore fiercely against Persian 
[ roopsL 

Although of nom-ad origin, like all the Tartars of TnuisoaucaEia 
and .Aeerbijan, they have foliow«l the e.\ampIo of their conOTnera 
and bitilt a number of villages in their valley, livinc in Hiem m 
winter, and jis spring opens seeking the pastures of the moiintaimi 
with their herds. They are very contented seigniors, for they levy 
on the royal authorities, mb their neighbors, and live as lar^lv ^ 
possible under the feudal system of their ancestore. 

Among tiiem there are many tribes and consequent!v many chiefs; 
while each of the tribes is divided Into clans which, w in early timesl 
furnish the chiefs with subsidies and men, so that they may he able to 
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Fiistain tjie iiitercstit of the tribe, It b eatimiU-d tbiit tliera sm 
from 30^ to 40,000 of tlieso " fovorites of the King.’ 

In adviuiclng towjir<i tho west you cease to sec ihe Turks, und 
little by little the Kurd elemcjit predominates in the villages, for the 
open rerions arc left behind to enter the mount.i in gorges, and U is 
(itily in the flat regions sustable for maneuvers of their cnvalrT that 
the men of the steppes ate established. Tiie hilly regi^ favor 
biiscocles, and the Tartars have no taste for a kind of combat thsit 
does not permit an attack from afar, free from much danger, ^an 
tiien to escape at full speed of their horses when a hand-to-hand og t 
becomes inevitoble. The Ferauin.s themselves do not at all like expe- 
ditiohs mto the mountains, and the defiles inspine them with such 
great terror tlmt the Kurds have been able to preseni'e dicic ftill 

independence. , t - 

Ail these peoples, moreover, Persians, Turks, Kurds, Liiur% etc., 
are the most perfect cowards. TVar for them consists in pillage? 
they asiaiBsinate, but tliey do not come to blows. The Turks tbem- 
i^ves, who in other countries under powerful chiefs show such great 
military qualities, are wretched soldiers tinder the Persian aystein* 

In my many journeys 1 am often placed in perilous sitaations, Un 
nearly every joiiniEy I have Itecn deserted by all my native [jorsoonel 
or else forced to go on with much retliiced force rather than to lie 
left alone. My nien would tell me “ I fear.’" and 1 could not under¬ 
stand this cowardice on the part of men armed and strong'enoggh 
for defeiLse. But in studying them and talking with them I finally 
comprehended their attitude. Fear among these people, who imd 
nevi-r Iieun taught courage, is a nervous sensation comparable to 
vertigo. Fear is not dishononible in them any more than vertigo 
is in ns, and none of them ever having been taught to banish fear by 
the will, nor made to understand that on courage, depends the life 
and proqjerjty of the individual and the community, they give way 
to fear and frankly confess it- A Peraian general whn came one 
day to tell me of a fight betw'een some nomads ended his rfoty* with 
this conclusion; '^Xa; never have 1 had such fear of my life.’ 

At the foot of Mount Ararat, in the eiigie formed by the two fron¬ 
tiers of Russia and Turkey, lies the Territory of Maku. The khans 
are Kurd noblea Their capitRl, Maku. is an agglomeration bmlt 
beneath on immense rock shelter and of most curious appearance. 
This very peculiar site has probably always lieen inhabited ever since 
man ctuiic into these mountains. Yon see there numerous traces of 
a small Armenian village, and it is said that cuneiform inscriptions 
are found which are probably written in an extinct language.' 

‘TbiJ c(iiui(rj Uurinc the ArajTlAt] wiu» P»rt nt Ih* EUngdDDi Of Dr»J^ Haf 

de Vast ifiM-fe Ihej ipofce a apedeJ latifiuiBi?. tvlts of wSlcli aia foniul n«ir 

liSeat-trhal Uftqe klf, Oolilcha of tbe Roofiiiinal RMU" Etehiuiiidiia aaa a* l»r ■* 
Mithli; Ld Tnrkmkii. 
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In aiimnter the villagers and totvimnien go to tiio mnontaina with 
their herds. The klian is established in a cool place, where he re¬ 
ceives with the most perfect affability, for he is a verv politic mau 
tlirough his contact with the tiussratis. 

In winter there comes to live at Slakii not only the khan, hut a 
crowd of Lhf friends, who, like himself, carry the title of khans. 
ITiey own a good mimber of villageB. and, with I heir chief, hold a 
small court. It is the khan who treats with the Persian Govertmient 
for alt his fandly on questions of rent, and his friends are heard with 
him. It ie likewise the khan who in his domains and those of his 
family levies the tiwpa necessary for guarding tho frontiers on the 
lurkjsli side and to prevent the Kurds of the vicinity of Bavasnd 
from makmg raids on his territory. One of bis family generally 
c^m^ds this sjnaJl army, hut when circunistancea are" urgent the 
khan himself conducts the operations. 

The Pereinn Government has nlwa^’s cousidei'ed the khans of Mnku 
as the valuable guardians of its fixintiere. lT,us, in the twentieth 
century, and in one of the Provinces most submissive to the roval 
administration, Azerbijan, we see this kbannat enjoy all the preroia. 
tives of feudalism, have his vassals, his troops, and administer them 
himself, witli the consent of the Pereian Government. 

«^tos5ing the Araxes Kiver, tokos tlie 
road for Tiffis, very rarely goes to Taurus. Who know*: after hII 
Wl«,h„ th. w™jd.ip of Ih, victro, of Az»rbii»„ will bocojl^ 
w pressing that, held by the most cordial hoapitality. he will never 

He prefers now to maintain from 

aiaf tqualJy valuably rolatio&s. 

It is quite ollterwite unong ^rtuin Kuid tribe, of Mokri. Thos. 

->"lv «B«iust li“ 

U«,u. 

I BhaU not speak of the khans and aghas of Ghernis of th^ 
lalleys of Djaghatu and Tatau, of those of Sakkig, of Bahneifh, 

provincial seigniora 

that is^P "fT and Louis XVI; 

that is, great land proprietors deprived of all their feudal right*: I 

sha|I ^ak only of two small tribes, those of the Momecheg fnd the 

tiibiS^v ’ mhabiting the vallev of Kialvi,* 

mi«^ t ^ frontiers of Turkey, who are per^ 

their^athere?!^'' tHemselves and to live according to the custoni of 

fitwnr dnj. tht nine wliJ u at 

> x^b of OJH^Jfoi-fn t«i|^ 

44SS3''—1&13-38 
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These trih&i have at their head some aghas aod are subdivided into 
a goodly number of cl ana. each controlled by more or lesis remote 
relatives of the chiefs. They could each fiimbh but a few hundred 
armed mem The winter they spend in the village^t in the summer 
they live in their black During the cool Lhey stay in 

the" valley and take cure of their fields; when tlie heat comes they 
Wtake tlicitiiiclves to the mountains with their herds. 

In the village the house of the chief is the largest and can Itc 
distinguished from ttfar^ at the camp hk tent exceeds all the nei|ib^ 
boring ones in height. It is covered wdth black mohair doth encir¬ 
cled with embrci-idcred plantfs (tchiklis) and is divided into tliree 
center onoj o]>en on one side> is the kemak, or reception 
room; the rooms on the right and left side are dosed+ one is iho 
tnen^B apartment- the other tJie iind^rum or harem^ where the 
women ami young ehildren stay. 'Hie ccKibing is done in the ande- 
run, and in the menk room, or the komik, they tvat their meals. 
Before tlie tents the horses are tied^ always saddled. 

Kiich group of habitatiunii in the mountains has its great tent in 
the center of the camp, but much smaller than that of the agba. and 
the grtaip of the chief and of his iielatives oecupifei the center of 
lliese small viliagesL In the tent of the agha are found the silver 
arms, scrolls^ all the mo^ precious popsessions of the tribes ess well 
usi means of defense against attack. 

All the cattle of the tribe are brought together for pa^lurag^ uiid 
the men fonn d strong guard around it; but when evening comes each 
village of tents drives home its herd and guards it there during the 
ijight. A real |>ack of enormous dogs watches on the outskirts, and 
at the least alarm all the Kurds are afoot, gun in hand. 

IVliile the herds are in the mountains, a certain number of men 
stay in the villages of the valley to watcb the crop of wheat and to 
prevent an enemy fnim burning it At harvest time a good nurnljcr 
of men come down from the mouritain. 

The cultivated lands are parceled out among the varjenu? subordi¬ 
nate chiefs, the agha resendng lik part^ and eoch subchlcf allots 
ghares among the raynts, all the parcels Ireing given pro ratji accord¬ 
ing to the number of field hands at the disposal of each clan. 

In Pcrsiij down to recent years, theoretically there wa.s no real 
ownership of land AIK lands and men, belong^'d to tlio King; hut 
in practice the great Iwncvolence: nf the scjvcrelgn allows the use of 
lands by certain persons who have paid r^JELtnl for it This unu$ua! 
method of prnprirlordiip k pas^sed on from greal to imatl in liie 
nsgtom^ of the entire iTOpulatiuTi. In such manner, aJuong the Kurck, 
for example^ the aglia Is aupposcfl tn own everything and only tem- 
|y>ntrily delegates his rights. But if the King or the agha wished to 
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take posgiession of these lands there would be ll general levy of arms^ 
eufatom IvuviBg mon- force than the hiw. 

Tn Kurdistan questions rcintuig to cultivatCi] land;$ are regulated 
by geeulnr cufitanis and eeldorn contested; but in the cose of pastures 
the limits oj'e uncertain] and often the herd^ in crossing a stream 
have arouscil bloody disputes between two neighboring tribes* 

In ibe valley a small river separates the territory of the MamSches 
fro}ii thiit of the MeilghuiT?. Wlien I traveliKl there in 1SO0, I no¬ 
ticed on the right and left the ruins of many villages situated about 
200t and 1,000 meters from ihh boundary river, while the inhab¬ 
ited villages ^vcjt? nearly 3 kilomioters distant. Tins disposition 
attracted my notice, and asking persons about it 1 quickly letimed 
the reason why these villages had i>een abandoned, Tlie inlemits of 
two tribes, in war for some centuriet:, are the more secure the nearer 
they are to the frontier, the villages playing the role of watch posts. 
The iram^hos and Mehghurs had therefore built as close as pOi 5 slble 
to the stream, but beyond tlic range of the nn'ows drawn on the oppo- 
rite side of the river. But firearms cue fine ibiy made their appear¬ 
ance among the nomads and the projectiles kOkcJ enemies in tiie 
housesv They were then obliged to widen the neutral zone and to 
place the frontier posts farther away; then, the range of arms in- 
creaamg, they moved to a still greater distance. To-day the Kurds 
consider that aljout 3 kilometers interral give^i sheUer from the 
enemy^i> hulkts. 

They told me many incidents shout the war lietween the Maiu^'hes 
and Mengliui’s, and Iblening with pfeasiii'e to sM these stories of tlie 
pant 1 thought that these people should not lie so stupid jis to kill one 
another because of trouVdes reaching back for centtiries, maybe thou- 
i^nda of years-the origin of which they would neceistirily lie ignorant. 
Now, one evening aa I talked of the Mameches in ihe tenl of I he agiia, 
1 saw a man enter with his white cotton tronsena covered with blocid* 
lie was a chief who had avenged tbe honor of his tribe: he had killed 
a Menglnir shepherd without defenj^, !t would not be difficult to 
find other Slamcches and other Metighurs in tbe part of Kurdistan 
extending from the valley of Revanduz us far us Kerinanshoh and 
^ohab. All the districts shelter some smuill tribes of thi.H people* 
more or less savage, more nr less pillagers, and living outside the 
world under the dii-ection of their hereditary eliiefs; hut thev all 
look alike ami diflfer only in the dialects in which they converse* 

The south of Kurdistan and Luristaa are divided among a great 
niimbcw of khana, who. without being alisolutely free, financially, 
enjoy none tJic all the privileges of feiidnlism. Thc&e are the 
khans of Kialluin% of Kerind. of Djafis, of Ghilan, of Avroman, 
eUv But I sliali not delay to speak of thes^, but will come at 
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once to th« lrib«9 the most free in uli Persi». to those iiihabilinf 
southern Lurislon toward the Ab-^-Dlz River, between Khommahftd 
and the Snsiau" (raiuxistan) plain OQ «nc side, end on the other 
side between the frtmtiws of the Baklitlyari and the eastern branch 

of the Pirfoul River. r j iv- i 

It is in ihb region that in sninmer dwell the .Segiivends, Uirek- 

venda. Bairanvends, and Hissnvenda. It is there liotween the Ab-4* 
Db! River utul the Madian Rud that they sow their wheat; tbeii 
when cold weather begins to be felt, they gi> \yy short jourt^eys toward 
the valley of the S^in-iKr^ River' to reach Arabistan and eastern 

PnsUt-i-Knh. ,, , 

Ill these .Seghvciwl tribes there are many khans, but only one ingu 
chief. The olhets, who are hia connaelofs and his vussalfi. all belong 
to hh family. The high chief represents the elder branch and 
controls the inr>st rayats and the largest herds, llie others come 
next, being the richer and more esleeoied. the nearer tUcir relation¬ 
ship to the khan. Everything is done with conunon consent—the 
farming, (he changing of postures, the idmice of place for the comp, 
the plundering of a weaker neighboring tribe or of a cam van cit¬ 
ing the country—and it is with common consent ahm that they refua 
to pay rent to the King, when they imtiortnne the governor of the 
Provini!* in his city, when lliey rob officials on the road and even 

entire regiiocnls in the ooutso of the journey. ^ ^ _ 

r liitve hold verj' cloee and cordial relutions with th^ ^Stjlhv^tiil&T 

for each year they crane with their herds as fur as Hnsa, and I have 
employed' hundreds of them us worknieii during the last 15 years. 

It Is verv interesting' whftA ten cn* twolve thon3flnd iioiAatk 
arrive on our plains piLs^hing before them forty or fifty thousand 
head of cattle, Hie invasion of the Hums in western Europe must 
have presented tlie same aspett as this crowd spread out under the 
walla of our chateau. It is a wave of animals loaded or free, of 
men on horseback or foot, of women carrying their little children on 
their backs, leading others by the hand, loaded witli cooking uten- 
^Is, with spinning wheel or loom. Sheep, cows, horses, donkeys, 
men and women, children, and dof^ make a frightful isound to hear, 
and the noise increases as the torrent ebbs and flows, and soon there 
is only a roaring wave. On the right, the left, some groups stop, the 
cnttlo and the mules are unburdened and the tents are set up. Some 
blue fiimes sifted from the hair of the tent cloths spread out in long 
lines pualied by the brveac. In nn instant all the brushwood of the 
country is cut to make pens for sheep, setling for the ten to, for a 
great heap to feed the fires. Then the herds arc spread out and 
cover the plain, while the men circle among them guarding them. 


^TMa tiifrr btmm llirw uitin: Guioxa Lb iipiwr part, In It* middle 

tliPB, and vhwB It L&to the plitka qf 
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watching the horizon. vliiJe the women go for wooj md wuter^ or 
wash ihdr mi^erabU rags. 

Ijj die midiat of die groupii of ten^ you easily distinguidi die home 
of the chiefs. Bonio horsemen emerging from it go and come from 
one group to another, makltig endless visits on business. 

Ill a few days all the herbage of the region b eaten up. Then the 
tents are struck und the camps re$et some miles away^ there are left 
in the plain only the yellow spots on die site of the canips^ piles of 
cut wood, burned sticks marking the fire places, some wooden feed¬ 
ing in^ughs, where the hor^ and mnres of the rich ones hud eaten 
grain brought from die inountaim 

But there are complaiuU from the neighboring Arabs about water 
4 uei^ions or thefts committed by the Seghvends. They dbpute 
without agreement? and shortly shots start in the plain^ From one 
side and the other buffala^s and sheep are stolen; aoon the fight 
Ijecome^ genera^ and all night you hear the fusillade mingled with 
the barking of dogs« from time to time iirearms flash in the darkness, 
now and dien there some wounded and dead. But these ineideuts 
uro of hardly any consequence, for one day the chief of a neighboring 
tribe brought me to attend bb brother and tw^o of his men severely 
injured, and Iiis mare whos» neck was pierced by a bullet. The fate 
of this beast concerned him much more than that of the men. ^And 
my mare."" he kept saying to me incessantly, while I thought of the 
wounds of his broUier. 

Tlio rumor spread that the governor was sending some troops to 
collect the faxes- In an in^stant hostilities ceased, the .iVr^ba retired 
towards Lower Kerkliuh. The Seghrends struck their tents, and 
crossing the ford of the river came into imother Province to seek 
pastures on the frontiers of Me^^opotamia far enough from Persian 
aiithoritii^ to insure freedom from taxea which they do not wish 
to pay. 

There they ran their heads against Arab tribes of the Beni-La 
Bairanvends, and DinskvcndsH, their congeners, and the shots flew 
again. Finally, hot weather returning, they quit the dry plains, and 
fllowly aa they hacl come retraced the road to Khormabad and the 
summer poature^r- 

The men carry on war, arc occupied with their cattle and horses, 
knit their woolen socks, and smoke. The women are employed in 
household carry water and wood, prepare the meals, wash their 
meager possessions of family linen, ^tween times they spin tlie 
wool, weave cloth for the mcn*s clothing, prepare dye for making 
rugs, a work in which they excel, weave the great haircloth coverings 
for the Icnts^ make the horsehair ropes, end doing this watch their 
children, cook the bread. ma.ko the curd, chum the butter, etc. 
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The tribe itself produces ilie greater part cif tJie net^e^ssaries of life. 
’Wheat, barley, and tiihncco are raisetl in summer in the mountains, 
and the cattle furnish meat, cheese, milk. curd, ^hey, wMlens, carpets, 
tent cloths, ropes* etc. So that the only articles the noma<ls must 
procure in the cities are arms, ammnnition. while and red cotton- 
ades worn by the men and women, salt* siignr* ten* cooking utensils, 
and other maniifactMfvd articles. The pecuniary resources of the 
tribe comes from tlie sale of wool and hair, nigs; anil felts^ horses an<l 
cattle; but they eel I few of their herds which are used* on the contrary, 
to increase them. Though thes^e men possess all that is indispen- 
fiible for lifoj they are very poor in actual money, tiiat the jiosst'S- 
sion of a few krans (about 10 cents) is ttteir con!?tant thought. 

The feudal customs of these tribes are reflected to some e.xtent in 
the way in w^hirti the fellahs IfilKsr in our workshops; each shop 
equipj>cd with 50 men is headed by a Ser Kar (foreman) who, 
although paid, would receive from his w'orkmen I day's wags out of 
every lt>, Ench 10 days also another day’s wages is asgigncil to the 
khan of whom these men are dependents and wlio furnishes them for 
our employ. In fact these fellahs give SO per cent of their salary to 
their chiefiL I was forced to almlish this tithe and forbid it. But 


Minea such things arc done in secret they continueil ns if T had said 
notliing. To-day T dose my eyea. 

The SeghvendSj through their coiitad with the dties of Arobi^tan* 
and also on accoimt of their presence for 15 years in the workshops 
of Susa, are to-day much inoro civilized than their <s)ngenors* the 
Dirckvends and Bairanvends* who hnA^c their w'lntcr quarters in the 
valley of the S^in*>I^rf^ These tril)Cfl;, administered the same as the 
Seghvends* have been exempt from tfie law for many vears^ They 
are bandits, roUbiiig caravans and stealing from their ncighlxirs who 
are nomads like themsehTO; they arc therefore looked upon with 
ilisfavor throughout Liirj^an. One day on the route between 
lOmramabad and Dizfiii they robljed an entire Persian regiment, the 
eolofiid at its head* without doing other harm to any one; but they 
took everything—arma, ammunition* provisions, baggage* uniforms, 
horsi^j and tniiles^—and little was tlieir need fur them, for it was 


only in the costume of Apollo Belvedere that this valiant regiment* 
wish colonel abend, made its triiimphAl entry into the city of Dizful, 
Ut which it was as^gned as garrison. 

This unfortuuflte pleasantry* however* led tJic governor of Lur- 
istan* a prince of royal blooii. residing at Kermanushah^ to decide 
to Beverly puimh the mlscreantat but, since it costs to levy lri>ons 

the\Wi liftivily nnd required 

intf^ tK. to make these Iiumlent^ “ tcliapou ” (depriv- 

..s u™ of evMjtWog 0.00 life). A« moy woll b. WioiSrrto 
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war drags alongr and the DirekTendi. after having- bribed the Segh- 
vend ehiefe, secure throiigii gifts, freedom from disturbance by the 
^ nhli of Piisht-i-KiiJi, I was in these mountniixe when the presents 
wero rcceivetb which jjiclnded a large sum of monev, some marew, 
some young girk the handsomest of die tribe of Dirakrentls, some 
iirmsij and some rugs, 

IVere not theae the presents that .Vsnrbanlpal m’eivftl fnnn iwttv 
kings who aroused his w rath i 

The Vahli took time for reflection, and after three days’ aecinsiori 
in his harem wididrew his troops. 

These Direkvendfi are very deeply in debt. The tribe T have known 
the longest is that of a certain Aslan-Iihan living between the two 
branches of tJm river .\b^-Dia in a region which is a veritable chaos 
of ni^d mountnina In summer this pei-sonage with Uia men 
dwelt in the moiintaina near the plateau, bordeml on this side bv 
high cliffs; but when cold weather begins thev leave hv paths cnt in 
the balcony under the precipices and gain the warm vallej^ more to 
the soutli. There they have their villages, thrir Helds of rice, grain, 
tobacco^ud vegetables 'Hie soil and their herds yield f„U ahtmd- 
ftuce. Uffhm iheir domain are mines of salt and bitumen, and 
^mcnse forests of evergreen oak; and in tlie valleys all kinda of 

‘ cities, from 

wD»c|i they receive arms and ammunition from time to time. Their 

bine cotton c^nmes of material made and woven bv themselves 
are esnctly like those of Persians of Achmracnian times, ibeir head- 
(b^ IS the ^e; tlieir bennis and hair are* of the same mit. Not 
11 thing has changed in that t*oi,ntiy ginoc Darius ruled the Peraians 
only m their w^pons do Ihe^ men differ from their ancestors. In 
their inacce^ible refuge they iiave braved all kings; invnsiona, con- 
qiltets, have not touched them, and if they hove kcome Mu^nlmans 
It IS oufy heram^ their neighbors having adopted that religion ihev 
are thought it moit* useful for the preservation of their libertv tu 
foUow the general movement. Elsewhere In these mountain,, then* 
IS vei 7 little concern about religion., beliefs and usages; the women 

do not veil the face, and iji general this is to the great hiss of those 
'^vfaci see them. 

Tlie country inhabited by this tribe is admirabiy adapted to the 
preservation of customs. It is a vast triangle bounded on the north 
by mountains very difficult of access, and on the sides by rapid 

thmugii canyons many hundreds of meters deep The 
iiei^bora to the south and soutlieast are the Bakhtivari, those to the 
Northwest and west are Um Seghvends. But these people liave no 
relations with their congenera on llie riglit or the left; diey are not 

aoJated beings that yon can sec on a continent. In iSfll I attempted 
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to visit Uliti iribej but its chief. AEdjiii Kiimi (Tbc lion chief) j die- 
suElded me in very convincing terms. Never bad any man foreign to 
Ilia tribe trod the soil of hia little domain und he held gtiurd over 
its secrets, 

“ Thou knowest he said to me. “ Well, go imJ 

fmd him and tell him thftt be is a Peder Soukhte,- because he eata 
moneyt and that if be vrant^ to get any from me he mn.st make the 
search biiiiself.” 

During this conversation tlie folioweis of thin prince stole ttie 
roasting spit.i from my cook, 

After having discussed some of the stilij^igniot^ we will speak of 
the principal ones, soim real feudal princes, who, though PersiatM^ of 
the twentieth centory, are the same os were the dukes of Burgundy 
or Brittany in France at the time of Louis XI^ There are a few of 
them elsewhere, the principal ones: are the Vahli of Pusht^i-Kub, 
that of Bakhtiyan and the Sheik of Arahistan. The first two are 
from old Iranian stock; the third is a genuine Arab Melek^ a digni¬ 
fied successor of the ssoi’Creign princes of Characene. a country of 
which be owTis the grefllcr part. 

The VahIU of Pusht-i-Kuh^ that is, “back of the mountain,^ or 

outer mountain^* have been masters for some centuries of their 
principality which reaches to the confiiiea of Mesopotninia, from 
Uie interior by a rapid rivers the S4in-SKr^, and a high chuin of 
mountains. Kebir Kub (Mount Eebir) opens at only a few places 
and like a wall protects the territories of the Vahli against incursions. 
These people, few in number, thus pass their lives almost delusively 
on tlie slope of Mesopotamia. In summer snow and fresh paslurago 
are found at ilotint Kebir. In the plain bdow grow the date, the 
orange, and the pomegranate. A day^s journey by horse brings oue 
from ^ow to the torrid heat of Afesopotamia; but it takes about six 
days to cross this principality from north to a>utb* SmneTOus 
streams deseeud from Siount Kebir toward the Tigris, but without 
reaching it, for the ficldB take possession of the waters and by a 
thousand canaJs spread them on the lands. 

Pusht-i-Kuh is situated northwest of the roads leading from 
A^bistaa into Iran, properly speaking,* across Lurbtan and the coun¬ 
tries of the BakhtiyarL Thb country lies south of the route from 
Bagdad to Hamaden,* tlirough Kermansbah, and ita position be¬ 
tween two important routes of travel^ as well as its frontier pro- 

weAc th^ pilpiowgt nx HwhfMl liid HffUt to ibo 
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t^tcd by DA lure, enabled it to preserve Us mdei>enileiico both, in 
luicieiit' times imd in our day. 

By the Kings of Persia, who havo never placed any heavy burden 
on them, these people are considered as frontier ^ardions and have 
been favored with light taiation, the right to maintain an independ¬ 
ent army, and have been granted many other privileges of less im- 
portiinj'e. At times Uicy are called upon to furnish pumlutry troops 
for I he King, and, as was formerly done by the vassals of France, 
Lhay serve by tljo aide of the sovereign or of their marshals, com¬ 
manding llieir own forvija, or at least are given command; for the 
vahli leaves bis domains os little as possible, either because he dreatJs 
linding u competitor on his return or through fear of being more or 
less graciously detained as a hostage at court, to be released only at 
the cost of ruinous gifts. 

The vahli of Pusht-i-Kuh can put in the field from 1,500 to 2,000 
men, infantry and cavalry. These soldiers arm, mount, and uniform 
themselves; but while on a campaign they are allowed rations, money, 
or partial exemption from taxes. The Government ia not concerned 
with these details, but the vahli meets war expenses from his own 
resources, even when he carries on a campoign by order of the king. 
A reduction of tribute indenmifies him in part for his expenditures! 

I knew' the aged vahli, Huasein Kuli Khan, very well; he was a 
big, [Mjwerfiil man, resembling portraits on certain' drachmas of the 
.iVrsacid King iHthridates IL He was very hospitable, idtliough he 
had the reputation of being very firm and often liatsh. which, how¬ 
ever, brought him the esteem and respect of all* 

irhf court was made up of an administrative officer; two or three 
ambassadors,* men of intelligence whom he sent on siweisl missions; 
one or two letter writers; a mulioh (expounder of the law and 
dogmas of Islam) whom otherwise he never saw ; hh brother, ddef 
of his cavalry-, canying the title of colonel; u certain number of 
Khsns at the head of his infantry; and a Jew who never left him 
and whose only duty was to keep bu^-^ making date brandy wiiich thk 
excellent vahli Mussulman drank in prodigious quantity. 


T wlthMit dsnbt maa* fl»D,.iilnTui Jd moBOlallijc »ai 
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Piisbl4-Kuh is diridetl into districts parceled out nmoiig the sev¬ 
eral tribes. Each triije has its 'ivarni laneb and itB cohl lands^ admin¬ 
istered by » diief who as a rule dties not belong to the family of tJi© 
vahli, but is chosen by him, some cleseendant of old servants of his 
household. 

In all Pusht-i-Kub there is not a single permanent village^ the 
entirt^ life of every one being passed in tents on account of llie very 
mild climate of the cffuntry. 

Tlie vahli owns a w'inter residence near the Turkish frontier (Hus- 
seiiiieb). The lion^ie^ built in the midst of date and orange groves, 
is adonied with numerous representations of masteres of wild gnatst^ 
a decoration whose origin dates hack probably to the time of the 
Elamite Kings of Siisa.^ Another residence, much larger and built 
in the mountain, was intended for siitmiier sojourns. But it is 
always hot at Piisht-i-Kiibt and slfic© they carefully choose their 
encauipn:ients for varied seasons, they obtain tm equal temperature 
during the 12 months of the year. Thus Hussein Kuli Kplin^ always 
living in a tent; his iw'o houses fell into nnns. 

I have on many occasions passed entire monthfi at Pusht-i-Kuh and 
often some %A^eelLs near the home* (Ilufs^einabad) of tliia old man. who 
with gocHi considered me as hb friend- “ IliTiat a misfortune 

that you can not be u !&Iu5Hulinttn/^ said he to me one day, and there 
was in this remark the highest compliment, the most sincei^ that 
could come from the mouth of a 3i'fuhanimcdao. 

Xever did Htusujin Knli Kahn come out of lus harem before mid¬ 
day, Then he mountotl a horse and often in^ ited me to accompany 
him on hiJ? ridea. The little troop includedi besides on reives, the 
minlsier of the vahli, hU s^JnSt some ca^ alry^ and a few servants, one 
of whom carried the kalian * hung on the flanks of his horsct as well 
as the necessary burning brasier, while another servant had in saddle¬ 
bags the Siimovar* tea. sugar* and all the apparatus for making Per¬ 
sian tea. 

We ri>dc along for about an hour, then rested in the shade tci take 
tea. and the vahli began to dkpe)®* of oome current busino^ matters. 
The miniiflcr read the letter^ recently received^ Hussein Kuli Khan 
dictated the replies and taking from his pocket a small cloth bag 
drew from it his seal,* which the ininU~ter immediately carefully 


* Thfr qf the w1l<l pHyrf mn ImpoEtBiit ia HiipIui irt 
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ufiixeJ eithflr below ur uti lUe bm'k' of the written pu^ie. This iieuL 
wHtj then retiiriieU to the vnliliV pocket. 

When ti difficult, cii^e was presented, thej disciiiyied It; each gnve 
bis opinion, even the servant who hiid sen^d the tea or passed the 
kalian. Tf nne of the opinions pieased tlie vahli, he adoptesl it und 
dictated his reply accordingly t if not, lie opened the Koran at any 
page whatever and according to the word at the angle of the first 
page, that on the right side, consequently, he settled the hiciinesa or 
else postponed it till the morrow, the drawing by lot having con¬ 
vinced him that this particular day was not propitious for settling 
such an affair. Or else, counting a certain number of beads of his 
i-osary, he would toss up fur a decision. 

RL Louis judging tuuJer his oak tree was certainly not grander 
than thb new incarnation of Mithridates El dispensing justice in 
the open air. taking fur his couneelore all those who surrouniied hiiHi 
listening to all complninta, all demands, all requests, familiarly con¬ 
versing with the moat humble of his rnyata or serfs. This sight gave 
me really □ broad idea of primitive institutions among the Tranian 
fieoples. Tlie audience ended, Hussein Kuli Khan felt the need of 
quenching his thiist, ami a sen'ant approaching very ceremoiuonslv 
offered Intu a large silver cup holding at least a pint of liquid, which 
the vahli emptiml at one draught: it was brandy. 

We returned from the ride: the vahli talked oq more, retired into 
hia tent, and slept until evening; then he dined with his wives, again 
took some brandy, and showed no more signs of life until the next 
day. 

\Mien I arrived at Pusht-i-Kuh, Hussein Kuli Kiibu promptly 
sent a troop of cavalry to meet me., its military bond equipped with 
Hiite and tambourine fastenetl at the aaddlebows. It was in this 
parade, in the midst of ninrea that made my liorse rear, that E was 
conductetl to the site choseu for my camp. .Scarcely had I put foot to 
the ground when a crowd of domestics arrived, the chief ahead, car¬ 
rying some platfes loaded wdtb fruits and othei- refreahments. Then 
the visits began. Hussein Kuli Kahn first sent his sons or bis min¬ 
uter to learn the state of my health, and, about an hour Inter, having 
made inquiry of the vahli thituigJi my chief servant as to what hour 
he could conveniently receive me, I went to his tent and remained 
them about 15 minutes. An hour later, as the agreement willed, 
Hussdn Kuli Kahn came in his turn to my camp not without re¬ 
questing an hour when I would re]H-Rt my visit. Then I made some 
presen ts of money to all his fiorvanbs, each reoeiving according to 
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on « Ep««ttl wjltlinf ID fall cijual bo put* It on Ibe bach cf the papef failBi the lUI won! 
no to placT It At the foot of the Trltlen paRe woiilA Indicate t« tbe recelrer that 

flif in* -(WEijildiif«il u hlp ■fl'TTM.t, 





604 


kli:E>UBT SMITHSOXIAK li^EiTtfUTlON^ lias* 


libi poffitbn near his aio-^r^ find the vahli eburged hb minister to 
do tile Eamo to toy ntteiidanU. 

I then sent to the valili by my head servnjit the presents brought 
from Paris for his sake, chiefly gome amis uibid gold or silver. 
The same dny or tlie next morning he sent to mf? by his head equerry 
a very fine horse. 

These {reremonies finished, etiquette was ended* and we afterwards 
met only in the most familiar manner. His sons, his minister, often 
came to sec nie> and 1 made it a point nlways to return their visits. 
I talked with them about a tlioiisa.nd things of ihe conntn'- I flsked 
them about their habitst tha p&ople, tho politics of the tribeSi and 
they asked me details nboni Eurot^e* In Hussein Knli Kahn 
gave me for a guide in hh country an old equerry long in hia serrice. 
In loot I n^cd to see this man- He had become a paralyzed old 
matt, so that they had to carry him to my camp* 

Thc 3 ' talked much at Pusht-i-Knh of the recollection that Eii- 
ropeaxis prcscn-c of senriecs that have Ijecn tendered them* while 
among the tiomuds a man 1$ forgotten from the day when there is 
nothing more to expect frtun him* 

On the death of Hussein Kuli Katin his elder son^ the conqueror 
of the Direkvendiik of whom we i^poke above, succeeded him by right, 
but the younger son for many years would not agree to serve under 
the authority of his brother^ He withdrew to his domain of Hou- 
Idlan^ and went to war against the new vahIL ss at the timeVben 
the sons of one of the Arsaridie disputed the throue after his dcatli* 
Finally, the two lirnthers were reconciled, peace was restored in 
Pusht-i-Kuhi and. as formerly, all was mled there according to 
feudal trad it ions, 

Otlier Iruniati high scigniora are tlie vahlis of the Bakbtivari. 
whose tribes occupy nil the country between Ispahan and Shuster, be¬ 
tween the river Ab4-Diz and the vicinity of Bender Buchir. They 
are the principal vassals of ihe kings of Persia. The organization of 
their tribes U the same as at Pusht-i-Kiiht except that the Bakbtiyari 
army can put in the field from fifteen to twenty tbousand men: and 
the khans as well as the vahtb of tliia countrj^ coming in frequent 
contact with the Persians of Ispahan and with Europeans^ are much 
more inEelligent tlijui the seigniors of Luristan- iljiny go to Eu¬ 
rope, fiome speak EugllEih or French, which, however, does not bin* 
der them from adhering just as closely as my friends of Piishtd-Kuh 
tg the old feudal institutions. 

The tribes of Baklitiyari are to^ay the eoiil of Persia^ because they 
are powerful and well governed* To be sure, there are some frac- 
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tioDs of tills people whose morals and instiDcts are stiH very barljur- 
(ills; it would be surprising not to meet sadi a class in so vast a tern- 
ton-* But in general there reigns among them a strict discipline, 
which singularly contraifts with what wo found in Kurili-Sian and 
Lnrb^taii^ 

These coiuitrios, it seems* have always been very nearly independ¬ 
ent. All that can bo positively stated, however, is that the tribes 
which live there to-day oecupied the country under the Achfl-mcoidiE, 
hut nothing hinders the thought. 

The royal route which coimectwl Persepolb with Babylon crossed 
the counlrj' now occupied by the Bakhtiyari, und we know that the 
Great King himself paid a tav to tribes of these mountains when he 
passed over their laad^ The khatis w'crc oven then seignorg of much 
importance. We made a short visit to a high Arab seignior, Bl 
Mohammemh, a power fid Gharal chief. We found him in liis palace 
built on the bank of the Persian river Cliatt-EI-Arub^ in honor of 
Mohajnmerah. below Basrah. He is an auiiable maUi, keen eyed, In¬ 
telligent^ vejy polite. He keeps abreast of all that occurs both in 
Europe and in Loristan, at Teheran* anti among all the tribes of 
xVfesopotatiiiu. 

Sheik Ghazal is one of the richest land proprietors. He peisonally 
iminense domains Iroth in Persia and Turkey^ and all the sheil^ 
of Arabistati recogniv^e hia supremacy, which ri in a mea-^ure felt 
Hkevrise by the armies. He is a veritable Ikialkim Malek, controlling 
all important treasury, a niuoerous array, steamboats—in fact, every' 
thing that can bring wealth, intelligence* and power. English bonis 
salute him with cannon, and from ashore he returns the salute with 
hia own artillery. Xo one would dare touch the Sheik GhazaL who 
smiles at revolutions and at the fall of sovereigns. He is king in 
fact—what cares be for those who aro such only in name! 

As one may judge from the preceding pages, the feudal i^igniors 
still play an estreraely important role in the Persian Empire. Their 
power is great, for the spirit of nearly the entire nation still rests in 
feudalism* 

If we leave the domains of the aeigniors and enter the cities in the 
veiy heart of Persia, we find there among the merchants and the 
artisans the same kinds of corporatioHis and all the institutions that 
prevailed in France in the Middle Ages—the tithe from gain for llie 
clergj'j immunity of beneficiarica of the church, and many other 
privile^ w'hich formerly existed among us. 

Persia to-day represents what Prance was before Richelieu, that 
period when for the security of the Crowj> it was necessary to achieve 
rbe work of Louis XI, to demmitle the great forests, to crush the 
remains of feudalism. 
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Thw feudulism h »lwa} 4 j: y^^iy powerful in Iran; it hA$ deep root^ 
That is wlmt we widi to show in this study. It would have been 
eas)" to cite a luuch greater number of examplets. to conduct the 
reader to the homes of hundreiis of begSr khans; but 

have judged it futile to enter into such numerous details- A few 
tvpcfi are enough to show how Persian feudalism was bom, bow it 
traversed the various phjisea of life of the empire on which it de¬ 
pends and. dually, how ii is still maintained in oiir day- \ ou will 
pardon me for having cited some pe^wnal incidents. It has been 
done to offer some proof of my story, and most of thctse incidents are 
of a nature to enable the reiider to judge more clearly of the mentality 
of the people discussed. 

Ile Bousse (CoBse), /?, J&IS. 


SHTXTOISM AXD ITS STGNTFICANCE.‘ 


By K, KaKoecigj, 

BwAelor of Divinity, il<i»ter of Art*, Ja|wn* 


t. HISTDRICAI, SKKTCn. 


In nuTthiefl] antiquity when as yvt aatuir and mankind, mankind 
and the gods were newed oa unseparated, a people landed on the 
island of Kiushu. in the southwest part of Japan. Scholars differ 
concerning the racial affinity of that people; some would assign it 
to the .Walny race, others to the Mongol, while still others to the 
Phoenician or even the Greco-Roman race. 

This people to have been superior to all others who had 

previously settlcft in Japan. It was nt all events conscious of its 
power and imbued with the divine right to rule JiipaiL Ama-tenisu, 
the Hejivcn-shinijig one, the fair, mild, bright, victorious sun 
goddess, was its diety, and of whom it wos the offspring. According 
to the Japanese mjth this sun goddess sent her offspring fi^om the 
CTlesrial realm to the land of Japan there to establish order ajid 
dominion; “The lanel of Japan, the Middle Kingdom, the rich rice 
field is the land where my offspring shall nde.” This was her word 
nni] comrawid. 

But somewhat prior to this people another race, likewise fntwerful 
wnd civslisiefL bad not in ihe soutfiwest^Mn island, but rn the 

noHhwosterti part of the principal Island of Japan, in the coast land 
of the Japanese ,Sea~in Idzumo. This people n»pidlv spread and 
at the time of the arrival of the children of the Sun. had nearly 
subjected the whole of tlio principal kland with the exception of its 
northeastern portion. It k quite «rtam that thk people, whom we 
sliall here call the “ Idiumo,” was dosely related to the Koreans „nd 
on that account alone was it superior to numerous other peoples. The 
affinity of the Idztimo with the Mongols can not be established, with 
fi-rtaiuty, but it is probably veiy close. Mlicthcr it belongs to the 
aa™ race as Sun offspring is still an open question. 

The disposition and the character of both ijcoples are different * 
there is especially noticeable a great difference in their religious con’ 
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cC'ptions. The tribal deitj of the Sun olfErpring, ali^ady indicated, 

U tho sun; the princes very- frefpiently boar nupieiJ in whicli the word 
‘"sun" (Japanese, Hi) k contaiiiedp The disposition of this people 
is Eerene, bright, OhO might say tropical in the good sense. The char¬ 
acter is indcscribeably fine, brave, aristocratic. 

On tlie other liandr the tribal deity of the IdKumo is a god of the 
storm, the clouds^ and the sea, vehement, wrflthfiiL and angry. The 
disposition of this people k aomber; the character is more practical 
than aristocratic. Life's^ happiness and enjoyment were more es¬ 
teemed by them than governing power and brilliant deeds of valor. 

Under such conditions the Son people found a rival in tJio Idzimto. 
Tlie land, which wag considered to be its mission and divine right to 
govern, it found in the control of others. With an pina35ijig: fifinse of 
its right ftiid mighty it sent o nie^^snger to the Itlzumo demanding 
the right of government from the rival. Aa might be expected, the 
Idzmno refused to comply p A second message was sent in vain. 
Thereupon the Sun jjetiple dispatched its brave general with a fleet 
and ordered the demand repeated. Some smuU skirmishes ensiled* 
But the Idzumo were of a practical torn and escheweel the aufferinp^ 
and inconvenienoea of war. And thus^ on the condition that the Siin 
people allow tlm court of the Idznuio governmeni to continue in Us 
former splendor, the dominion over the land was giiirrendered to the 
Sun people. 

But the inland of Kiiiahu, wljcre tho Sun people had settled, is 
gitunted at the ^uthwesteni end of Japan, which is very ineonvon- 
lent for the fortification of an empire and the objection of the 
entire country. Several generations pass^ed sway in small, insignifi¬ 
cant ^jaaireb with the surrounding trib^ Then there n great 
end mighty moveuient Prince Kan-Iware, of the Sun people, left 
the place of his birthj the home of his forefathers, and set out with 
Ilia warriers in ships for the land of the Middle Kingdom. Thetv 
he fought with various trib^; wdth the native^ hairy Ainu as well 
us with the vaesala of the Tdaumo. The sun wna bis tutelary deity, 
lie fought in the firm belief in his right and the protection of hb 
ancestress and in the end succeeded in osiablishing nn empire in the 
center of the principal island of Japan. This Kan-Iware is the first 
Emperor of Japan—tho Emperor Jimmu. He is assumed to have 
foiinded hia throne in B. C. 

2. DEFINITION OF SHINTO* 

The w^urd Shinto ^ means the “ way of the gods ”“tbat is, the 
doctrine of the goda—and was coined in the sixth century A. D*^ 
when Buddhism wag intreduced into Japan from Korea, in contrast 
to “ ButsudoT^' the way of the Buddhas Thus, the word originally 
denoted the enUre native rolipon of Japan. In the course of tinic 
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iishiiito underweut a certain, if small, development! in the cightecnili 
lieiitury, following its rqnaissnnce. Sliinto assumed a pronounced 
color and definite form and eharacterifiticullv pure spirit. Some 
foreign investigntorB overlook this fact and incinde every supersti¬ 
tion tts it iiecumulates in popular life under the name of Shinto. By 
treating Shintoism in this nmnner one cun never hope to reach its 
core and find its real significtince. Suppose an enlightened China¬ 
man, edneated m ttie positivistic Cnnfucian pUilosi>phy, was tmvel* 
ing for his edutiation in Europe, and without any laiowledge of 
^^lrbftian theology' or Eiiropeun pbilnssophy and science, ehoiild 
merely pec*p into the churches and overheiir people tulk on the street, 
lie would hear many a su^ierstition and see many strung^’, magicallv 
conceived actions. If thk Chinaman should groii]> all these siiper- 
sl it ions, mystical rites, and magical actions together and bestow' upon 
them all the name of Christianity ” and on tJiat ucctuint refuse it iis 
a religion, would he ho right? Certainly not. But that was done by 
a writer who witii great pains collected every crude superstition in 
diipan ajul incorporated tliem in his work without orticr or system 
and witliout distinguisliing between the noble and the base, the 
essential and the nppnrent, the pcmianeut and the trajiHitory, We 
shall, therefore, here try to bring out ihe essence, the kernel, of 
Shintoism, referring to the siiperstUiona only in so far ns they stand 
ill any relation to the central part 


3, TKK KELTGIOX OK SniNTfi. 

The background of Shintoism is nature religion. In this sphere 
there is hardly any distinction between nature and man, lietween man 
the gtxls. Mimkind is nothing more than a part of mittitv and nature 
i!* hut cijuindetl mankind, ifoujitains, foresU'i. rivers, and the sea. as 
also the sun and mo^, are gods. Even the coimtries are the off. 
spring of a divine pair. In tlie beginning there was a divine couple. 
Before the gods themselves were bom this divine couple had brought 
forth the Japanese islands; the birth of the gods came afterwards, 
1 hose gods are mostly nature gothn-gods of the winds, the storm, 
ram, fire, field, fountain, etc. Man beheld a god in everything that 
stnick his childlike, inenperienced, groping eye as strange—in everv- 
thing that appeared to his helpless state as great and poiverful, that 
in hts hard struggle for e-tistence was helpfid. It was probablv after 
a long period that man learned to distinguish between the indwelling 
spint and the eternal object. The Japanese word for god is Kami', 
which merely means “ above,^ “ the above one." Thus, the chief of a 

himself a god of the land." All princes and rulers 
call themselves kami; that k gods, 

Al^dy in this stage of religious development it is seen how inti- 
■tto oy re tgion is connected with life, with its pr^rvation and 
+tSit3*—BH iota—"Sfi 
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ezcp}iii;Sjoij. Man fcara the niijsrhty ph+?TsnnjeJui of Quturt!^ but he can 
befriend theau The inner impulse of iill living beings to preserve 
and inrreas® life impelled man to dra’w* Lo himself all that yvm helpfnS 
in nntui%T to embrace tt, and to enter into a permanent covetisktit with 
it by means of all thoK# sacred rit^ as primitive iriftii knew them. 
The instinctive desire after irmrcH, the craving after the great and 
sublime^ genera ted religion in niankindn iJeep at the l>f>ttoiTi of such 
primcvsl life. I believe we must look for the true psyi'hological and 
at the same time the nietaphysical root of religion- and* in particular, 
of Shintoism. 

In this stage of religious development the Japanese i>eoplc was 
found when the first euiprr<u\ Jinm^u. already known to us* nccoin^ 
plished his splendid cotiqupst. As has already bt^en saitk this people 
allied itself to the >Siui grahk^ nml called itself the offspring of that 
deity, itnd the later ffainme^ic vcticrntioii of the emperors has its ori¬ 
gin in thiSi The political chimge alno broiight alK>ut a religious 
revolution, llie religton of the fd^timu, in wdiich nature-w’orsJup 
play Cl ] the foremost part, and the religion of the Sun ix^^^ple* lu 
which herfHworship predominated over nature-w^orship. met and 
unitaL The hero-worship of the victorious ones was not tvhle lo 
drive out the iiatura-w^orship of the conquered people; of many 
rcfisons for this only one may !>& rneiitb>ned here. The aui?vc8Sors of 
tlie gt^ut tTlnimii were not strong men. They achieved neither r-s.- 
pansioD of the imperial power nor of civilization. Duly after the 
lapse of about fotir centuries is an energetic emj>eror agahi on the 
scene* who. for the first time in the histor}' of Japan* created a system 
of taxation and ilug rK>ntls for irrigating works, and sdnrtcil expckli- 
tions to imimowm northetistem regions. Unfortunately u pestilence 
hmk^ out among the meiij daimitig thousands of rietims. In the 
course of centuries Just elapsed the enterjiirising. energetic life has 
sunk, and with if also the rdigioii. It is not astonishing then that 
Tve see the cam^e of the misfortune ascTibed to the imgor of the gwls, 
particularly the gods of the subjugated Idzumo* Hence thei'e fol¬ 
lowed n rcHtoration of the forgotten gods. NitinenULs temples were 
erected to these gods and abundant sacrifices were offered to them. 
The defeated gods e^cperienced a revival. The spirit of the con¬ 
quered people avengenl itself on its conquerors* becoming their 
spiritual rulerx A strange mixture. Even at present the two j^raiOH 
{eharply separable! can be discerned hi Shintoism. There are tw'o 
principal Shinto riirinost one at Ise. whers! Ama-tcrasUt the Stm 
godde^ is worslupptfd. and the other at Idziimo. where OnamuebiT 
the former rival of the Sun goddess, is venerated- These two strains 
must be kept clearly in view' for a. better understanding of SbintolBm- 
riie IdzuzDo mlluence of nature-worship forms the background of the 
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World couceptum of th& Shinto iTJij^jon. while the mduiaiic^ of Im 
liriippties in hern-iivorship the active spirit of Shinto^ 

Shintoism survived hi rimple. ppro form till the slzth eentury. 
Scarcely any distiiietitin was made bet’ween priciits and laymen, be^ 
fw'een the holy and the profane^hi rontra-^t tu the Wndns and tlie 
ancient Gallic Tins udmiaLstration of the the governing was eo 
ipjso religious worship. The Japanese wor^] for “ g^iveiTiing^” nuit^u- 
is lierivetl from “ worship.'^ Tims among tJie imeient 

Japanese;, governing and worsliip w'ere identical The religious eere^ 
monk^s were corii5«?cjtariitly vei-y -dimple. The greatest and most im- 
IM>rtant ceremony is the puriBeiittem, which takes place twice every 
year. The itnpiirUy and nf the entire pef^ple jire ekansed 
througli a sokinn prayer and ceremony. It reealls the Jewklt scai>e- 
gont. Blit the ethhal aspect is different ; in contrast with ihe com* 
[deXj alresidi^ far advaikfed t^thical c,^jic.'e|itk]TS uml the rigorou,^ idea 
of nlonenient in tlie later Jewisli religion, here is still fnuiid u iiaive, 
simple, otiil childlike ethical thought wdih n like simple idea of atone- 
meiiL In the priiuitive Shinto religion utideaiiiiness and sin are 
IdenlictiL concept imiH^ 

Here we may find place for the table nf the so-called heavenly 
bins nnd earthly ains from the old ritual of purification. 

1- The heiivenly sins* 

Making of breaches in rice-field dams. 

Interfering w itli the irrigation of rice fields. 

Cranks interfering with ngriculttire. 

Skinning of live animals backwards 

Defiling ritually dean places with exiTejiients, 

'2. Earthly rins; 

Wounding of the body tbeenu}^ the blood was c-oriHidertN] by the 
ancietU Japanese unclean). 

Desecraiimi of a corpse* 

UnuBiml boilily affections* such as albiniam and excrescences. 

Incest and scHtomy* 

Killing of other people^s animats. 

Witdicraft. 

Places inflktfid by the gofls as piiiiislimeiit, such ns snake bites, 
liglituiu^ stroke, etc, ' 

Tills Shinto tiiorality may be divided into three ^spheres; 

1. ^rols in relation to common property, i. e., peasants* momlB, 

2. Morals of the ritual. 

3. recoil from the unclean and uimattiral, a genuine tabu 
tnorality. This cofiKtituted the origin of ritual morality-. 

We do not meet with a morality in our sense; what we find h 
however* not immoraUty, but childlike naivet^. But it can easOy 
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be seen thut m uveiniou tn the iinckaa ami the iibnnrtHiil, iti COnjuiie' 
tioii wUh the ritual moruJity, there lies the germ of the idea of evil 
H-hich, 'H'hen it implies n socin! oiorality., must bring about j full 
deveiupnient of the idea of evil and with this also Qve problem of 
conscience. 

Like the morality, ao the euU of ShintoUtm was aUo simple. H^ini- 
plicity and clemiline^ were always VRlne{l by it. Tlius, ita temple 
was and is ONteeditigly simple. ThL- tendency to simplicity and 
oieunlineos not infretpieiitly led to uonsetTatisiu. It was the con¬ 
stantly rccurrijig endeavor of Sliintoism to restore the ao-called ngc 
>if the gods, or at least to preserve as nineli jis possible its fonri, man¬ 
ner. and custom. 

Tbo temple usually consists of two small houses. One, stniiding in 
front, is the pmyer hoLI: the otiier is the sanetuiiry. The representa- 
tioji of the god usually consists of a rotind mirror, but often also of 
a sword, a jewel, etc., which, nccordlng to tradition, originated in the 
age of the gods, t^hintoism proper knows no images. \\'here such 
ate found witli it. it is due to foreign influence, particularly to the 
Hindu and Chinese. 


t. LjVTlilH FORTUXES OF SHINTO. 


For a better understanding, there may be briefly mentioned in this 
connection some prominent fucLs from the history of .Japan, 

In the fifth century Confucianiimi rajjie from Ivorea to Japan, 
TLp .Japanese gladly adoptetl continental culture and the Chinetie 
characters (lettcre), Confucianism came in its simple form—as a 
ctaie of niorids, aa (he science of the state, aj- an educational force— 
and comported well with Shintoism. But when in the following 
century Bticitliusm entered, likewise from Korea, nffairn iu Japan 
werr' clilFerent. Veiy soon Buddhism, by reason of its pm found doc¬ 
trines and the splendor of its cult, won the favor of fiome of the 
prominent courtiers. The chasm between Shintobim and Buddhism 


wiLS too wide for a reconciliation between (hem; conflict was utiavoid¬ 
able. As n reli^on Shintoism could not compare with Buddhism. 
Shintoism, notwitlislanding its stubborn r^istunce. hud to give way. 
But the triumph of Buddhism was not n complete one. Tlie promi¬ 
nent Biiildhists hdtl to stoop to declare the native gods ns manifesta- 
tittp of the Buddha. In this manner arose the so-called “ Rlobu- 
tShinto'—tlfat is, the mixed Shinto. This condition continued for 
about a thousand years, to the injury of both religions, Only as late 
beginning of the eighteenth centuiy did Shintoism begin to 
ex u it ^ns of a renewed life. But this movement was a theoretical 
cue, vailed into Uf® by certain scholars. Their war cry wae: Back 

ciiliu*™^Vot o^frln foreign and alien influences and 

nly Buddhism, but Confucianism also, was violent!v 
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iiU^ked. Onfl of these schobrs went so far as to even a^rt: ‘‘The 
ftiieieiit Japanese hud no moral theorj’ wliatever, liecause they were 
in no need of one. since their riutnral dbpoAition was moral, while 
iUe nBtural) 3 ' wicked Chinese needed a moral system.” With the re* 
rival of ShintoLsm there uppeareil another powerful factor, the idea 
of the divine right of the imjjerial hoiise. By emphasising thUt idea 
this purely theoretical movement promoted the restoration of 186^, 

ITIE aOCtOLOGICAT. ANIV rHVSIOUJOirAI, SilGNlFIOAXCE OF 

SHI.VTOlftM. 

.Aiter what has Iveen said in the preciHling pages, it must bo ad- 
mi tte<I that Shjtitoisni represents rather a low stage of religion. It 
has in comparison, for instance, with iTndaism. experienced but a 
slight development. Two reasons may be iiisignea for this fact: 
First, the Japanese were on the whole little exivose^l to external 
dangers in the struggle for existence. If religion is related to the 
preservation and expansion of life, jt may Ive conchidetl that u people 
living in a continuously keen and perilous struggle for existence, 
and none the 1^ able not only to preserve hut also to expaml its 
life, would also in its own way raise its religion to the highest degree 
of development. The Jewish people present a gtKvd instance. It 
hve^l in perpetual danger, and j'et by dint of its wonderful vitnlitv* 
it was enabled not only to pt^ne its existence but also to be re^ 
spected as a power. On the other hand, the Japanese as a whole 
were beset by little danger. Tims it came to pass that Shintoism was 
not hardened and strengthened a.s Judaism was. .Vs a second rea¬ 
son for the slight development of Shintoism must be considered 
the intruding uf agnostic Confucianism and pantlieUitk Buddhism, 
live native religion ami the highly <leveIop«l foreign religions dif¬ 
fered in kind and in degree. Uuc could not by degrees advance 
from aSliuitoisiu in Bufidhiiini and t^onfiieiflnism. A radiral break 
was required The religiously disposed mimls abandoned their gods 
and falloweil the more profounil and powerful teaching. Shintoism 
was fo^keu by its best children and remaineil Umelv and poor-a 
rentable imiter dolorosa 1 ^ i 

Solwithfiianding this, Shintoism has survived to the presenL dav 
and still e,Khibits u rerlain Wtality. This is a miracle. How, one 
might iLsk, can such an apparently low form of religion continue its 
very ex^tence amidst a people that has been nourished on the loftv 
eonceptiona of Hfc «ud the universe of Buddhism and on the pure and 
.t Conheianfam! Shintois,, i, 
remarkable religious ant! sociological phenomenon. 

th™*? it already been pomteti nut, Shintoism lieheld In all 
* wonderful, mighty, and sublime phenomena of nature as 
^*^11 a. .If man, it. gods and worshipped them. Eveiything thar;;' 
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more or had something more thmi the whether n 

iiatTirnl thing or a huiutin lieing, was worshipped ns gocL Shinto- 
ism is originally the religion of the *^plus" (tnom). It was des¬ 
tined to comprise in itself the preservation ^nd espunsion of the 
national Hfe- sneb it has its ront^ deep in die dark soil of the 
instinctive^ constantly ejcpaJiiding Ijfe^ It grew up witli the national 
life. It is a renh gennane child of the bhiod of the national life. 
Herein lies the difference between Shintoism and Judaism. Tlie 
■Tewish people wcrt? adopted by JnliAch^ while tlie Jaijaneso religion 
grew up from the very iieginnitig with the i>eople. Shintoism is no 
acce^mon: it is interwoven with the life of the people. It e.^ists 
among im jxwph' in a diffused, not concentrateil maoner. It is there¬ 
fore not noticed oiider cireiiTnvtaiicos. If Shintoism has itny 


coneem at alL it is the welldjeing of the nation in giuieraL Tliei^e- 
fore ordy in times of danger or of a erisis in national life in Shinto¬ 
ism seen in a pure form and with itSE original vitalit3^ Patrintism is 
SliintpiHni'Ei own favorite diildn To the Japanese patriotism means 
scmiething more than ii dof^ to other peo[)lea. Tlirongli its associa¬ 
tion with so niuny heroic and noble deetli^ and events which tmik pluf^i? 
in the CDiir^ of timre timn two millenniums patriotism gains ft pro¬ 
found and exquisite., in short, a religiotiii: hut not fatiaticAl^ signili- 
eance. A few exauipl^sf may illustrate this. 

It Was immedialel^' after the naval lialtle on the Sea of Japan tliat 
I, at that time a j^oung Ucutenanti aske<l one of niy men: ^ Wliat 
have you been thinking of during the Iwttle? ITnve you lieen afraid 
of deaths or have you thought of ii at all? He answered: “ Xo, 


Lieutenant, I had no thought either of life or of death, nor any fear. 
One thought oiilj’ was strong in me, and that was to do m_v diiti' 
perfectly, and the only fear that I had wafs that I might commit an 
error/' 1 ol>^;ervetl through the simplicity of liis narrative that he 
told whiii iie really felt- Tlus mim saw in the service of the father- 
land all that wfis precioiis. The sendee of the fatherland for 
him the highest worship. 

It -was, if I remember arigtit, on the eve iiefon? the battle of Muk¬ 
den. All adjutant was IcKiking for Gen. Kotlama, chief of staff, lo 
whom he hud ii mose^ige to deliver. The adjiiitant went into the 
quarters of the general. but the latter xvas not m* He looked for 
him through the entire camp« hut the general w'as not to lie seen. 
Finally* the adjutant going to the roar of the camp came to the 
woods, and there he saw^ the geneml in tlie attitude of prayer^ hb 
face turned toward tho Fitting mtu laiter he was askal what he 
meant by all this, for he was supposed to tw an educated atheist 
^thout reiigiotL He answered simply; having done everythmg that 
in hi3 opinion would aanire vietorv, there remained iiothine to be 
done l>«t to invoke the help of the higher power. 
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It] certain crises of life, when fate places before tia an olieolnte 
ileraand, the ftilfillment of which tranweDda our strength, tnan 
gathers up all his power and does what he can. He coaios at tho end 
of his strength; it docs not reach further and still he hoars the call 
of the absolute dennind. Tho void stretches out all around him 
The heavy atmosj^here charged with the cold, silent, threatening fate 
weighs upon him. There is to lie found no ladder, no wings to make 
use of; aud yet this inccESant resouoding call of higher command 1 
WTiat remains for man to do but to cross the border lino of his own 
strength ajid to invoke and appropriate unknown higher powers 
whether it 1>e the cold, indiflerent fate or pathetic personal gods * 

Thus wo hove here tlic belief in higher powers^religion. The call 
of dnty is heard outaide, beyond; but it does not come from the out- 
side, blit from withm, from life itself, Xiie demand has its root 
deep in life itself, hence its categorical imperative. 

From what has been said we may draw the conelusion that so long 
as the nations of the world compete with one another in raisin” 
aimies and building navies, so long as mere might, violence, and 
brtitahty determine the fate of a nation—so long will Shintoiam sur¬ 
vive and fulfill its task as the protecting genins of the people. 


tt- SHINTOISM MUS^r NOT KKCOilU A POgiTIYE IlKl.IGION, 

The influence of Shintoism on the .Tapanese Xation h a good one 
when as a force it b diffiiscd through tlie life of tl,e people, b,it 
would become fatal if it should be concentrated, fossilized as it were 
and imsume a definite, shaqily defined form after the maimer of 
other i,o«tive religions. Diffused, Shintoism is an active forre im¬ 
pelling the nation forward, ns an ardent love of the fatherland and 
of the whole. From this flow all virtues; altniism, sacrifice, lovalitv 
etc. Blit concentrated it would become a contemptible chaiivunlsni 
nml turning its back on the whole would ynk to a narrow provincial¬ 
ism, fetteruig the nation in ib cukurel endeavors and obstnictiug 
its onwaH and forw-ard march. By thb it would forfeit Sts mission 
unti Its lif^e. For its lift—the longing for more-^wouJd be lost. 
It would thus sacrifice Its most precious possession to ii pitiful for¬ 
mula and commit a iiiisorehk suicide. It would be a corpS, loathing 
imd nosjoiiR to the same people whose well-being was once its only 



THE ^flXOAX AND MYCENAEAN ELEMENT IN 
HELLENIC LIFE,^ 


By AftTITLTl J. KvAfTH, 


iwm a pissmi 

In his eonchiding nddre^ to this ^itty our lato president re- 
mar tKat he cared more for the products of the full maturity of 
the Greek spirit than for its Immature struggles^ and this preference 
for fruits over roots is likely to be shared by most classical scholars. 
The pi^historic civilisation of the land which afterwards became 
Hellas might indeed seem far removed from the central interests of 
Greek cnltoreT and it w^as only with considerable hesitation that I 
actrepted* even for a while, the position in which the society has placed 
me. Yet T imagine that my presence In this chair is duo to a feeling 
on its part that what may be called the embrj^ologictfl ilepartment has 
its place among our studies. 

Therefore I intend to take advantage of my position here to-day 
to say sumecJiIjig in favor of roots^ and even of germs^ These are 
the days of origins, and what U true of the higher fomui of uniiiiaLl 
life and functional activities is equally true of many of the vital 
principles that inspired the mature civilisation of Greece—they can 
not Ijo adequately sttiflied without co-nstant reference to their Anterior 
Stages of ovolutioii, Such knowledge can alone supply the key to the 
root significance of many later phenomena, especially In the domain 
of art and religion. Tt alone can indicate the right direction along 
many paths of classical re^arch. Amidst the labyrinth of corijeclure 
we have here an Ariadne to supply the clue. And who, indeecL woi? 
Ariadne herself but the great goddess of Minoan Crete in her Greek 
adoptive form qualified as the most, holyf 

^Tbe chasm*” remarks Prof. Gardner, ^‘dividing prehistoric from 
historic Greece is growing wider and deeper.”* In aome respects 
perhaps—but looking at the relations of the two as a whole T venture 
to believe that the scientific study of Greek civilization is becoming 

*Fc™ tte iddrm ef Um jiwiJdeiil driltcrrC t& ttit Jobs, 

Bei>jlDrc4 hjr pcralag^u from Tbe Jol^ait of Ecllealr Studli^Ji, l^adgn, tbL 0!^, pt. 2, 
lOt!^ pp 27T-2fl7 

' J, fl. a.* raai uauj. p- lii- 
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les'^aiid |ici^ibk wUUuut Ukiiig iiUti tfJciftanL aceoinit that df tlie 
^rinoBu and My«?Tiaean world thai went twford it, 

Th^ truth that the uld view of Greek civiliiiation ns a kind iff 
•^enfant de tnirncle'' enn no longer be maiiitameiL Whether they 
like it or not, dub^ii^al fttiulents miLSt ofiu^ider fprigins- t>ne after an¬ 
other the inventions*^ nttrlbiited by its writers to the later IleUuri 
are seen to have been anticipated on Greek soil at lea^t a thousand 
years earlier. Take a few nlmost at randoin: The Aeginetaii elaim 
to have inveiilod sailiiig ve^ls, when such already plowed the 
Aegean and the Libyan seas at the dawn of the ^linmn age; the 
attriipiiiign of the great inipnivement in muaic^ inarked by the seven- 
stringL'd iyi*e, to Tequinder of Ijc^Iios iit Uie nikldle of the seventh 
century B. C\—an instniinent phiyeJ by the long-robeii Cti^tan priests 
of Hagia Triada soine 10 centuries liefore, aiKh iiideeih of far earlier 
^linnnn usc^ At least the antecedent j^tage of coinage was reached 
long before the time of Pheidon, and the weight standards of Greece 
were known ages befoi'e thev received their later4ninics^ 

Ut uis adinit that there may have licea reinvent ions of lost arts. 
Let UB not blink the fact that over a large part of Greece darkness for 
a time prevailed. Let it he as.-iuiucd that the GitfOks theiuj^lves w'ere 
un intrusive people and that they finally imposed their latiguagc on 
All old MeditcrraAcan race- But iL as 1 believe^ that view is to be 
maintained it. must yet be ucknowledgLHl that from the ethnic point 
of view the older elements largely absorlwl Ibe later. The people 
whom wc diaccra in the new dawn are not the pale-sklnnetl iiorih- 
emers—the "yellow-haired Achacana” and the rest—but essentially 
the dark-haire^L brown-cotnplesiuned mce^ the or Red 

men’’ of later tradition^ of whom we find the earlier porirailure in 
ibe Minoan and Mycenaean wall paintingn. The high artistic 
paeities that dUtinguish thi.^ race are in absolute eon trust to the pra- 
noimeed lack of such a r|uality among the neolithic inhahitantA of 
those more central and northern Enrtip'^^^^ regions, whence ex by- 
jiothcsi the invaders came. But can it lie doubted that the artlotic 
genius of die later Ilolleiies wus largely the continiimis onteouic of 
that inherent in the earlier race In wliicli they had been merged? 
Of that earlier Greece before the Greeks^* it may be snid, as of the 
later Greece, capta ferum victorem cepit^ 

Tt ia true that thi! problem wonld l>s^ much simplified if we could 
accept tlw ooncluisioii that the representatives of the earlier Mi non n 
civilbnition in Crete and of ife Jlymiaean outgrowth on the mainland 
were themselves uf Hellenic: stock. In face c:hf the iii»w ascertained 
evidence that representatives of the jAryan-sspeaking race had ali-e>ndy 
reached the ZntJhratefs by the fourteenth centarv B. Ck there is no 
A pnuri nhiKtion to the view that other membe'ra of the .^me lin¬ 
guistic group had reached the Aegean coasts and inlands at an even 
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earlier If audi a primitive occiipation i? not proved, it cer¬ 

tainly will ijiit Iw owing to want of ingenuity cm the part of inter¬ 
preters of the Minoan or connected scriptsH The earliest of the Cre¬ 
tan hieroglyphs were hailed as Greek uii the banks of the Mulde. 
Investigators of the Phnestos dbk on hotli sides of the Atlantic have 
found an Hellenic key, though the key proves not to !» the same, and 
ftfi regards the linguistic forms unlocked it must be said that niAiiy of 
them represent neither historic Greek, nor any antecedent stage of it 
reconcilable with exerting views as to the comparative grotiiraar of 
the Indo-Kuropoan languages-’ 

The T’liiiestiie disk, indeed, if my own conclusions be corretrt, 
lieiongs rather tu the eastern Aegean coast, lands than to prehistoric 

Crete, As to the Minoari script proi>er in its most, udvanced types_ 

the stffcessive linear types A niiii B—tny own chief endeavor at the 
present mo^nent is tu eel nut the whole of the really vast material In 
a dear and collective form. Even then it may well seem presump¬ 
tuous to expect that any tiling more than the threshold of systeniatii; 
investigation will have Wn reached. Yet, if rnmor speaks truly, 
ihe stray specimens of the licrlpt rhat have as yet seen the light Lave 
lieen amply sufficient to provide ingenious minds with a Greek—it is 
even whispered, an Attic—interpmation. For that it b not even 
necessary to wait for a complete signary of eitlier of the scripts 1 

For myself T can not say that 1 am confident of any such solution. 
To me at least the view that the Fitcocretan popnlatiuii. who preserveil 
their own langiiaga down to die thii'd century la*fore our era, s^iokc 
Greek in a remote prehistoric age is repugnant to tlie plainest dictates 
of common sense. lYhpt certain traces we have of the early race 
and language lead us in a quite different direction. It b not e«.^ 
recognli*'^ in this dark Medilciraneuii people, whose physical cha'rao 
tei istics can be now carrii^ij buck at least to the licginnijig of the 
second millennium before oar era, a youthful member of liic Aryan- 
speaking family. It is impotisihlt' to ignore the evidence supplied 
by a long sei ies uf local names wdiidi link on tlie original speech of 
Crete and of a large part of mainland Greece to that of the primitive 
Anatolian stock, of whom the Cnriaas stand forth as, perhaps, (he 
purest represe'ntati^'^f. Tlie name of Knoasos itself, for instance, is 

ilistinctively Anatolian; the earlier name of Lj-ttiis—Kamessopolis_ 

contains tile sjinit) element a,s HalikarnuSiOss. But it is useless to 
multiply examples, since tlie comparison has lieen well worked out 
by Fiek and Ki’clsclimer and otlier compinitive philologists, 

^ rrik^r let tlw iLnoKH linKnilitlc rmhat of Ur, HemtKL TpoL 

Cimj li4J fJtlhlttUj- d»Jt with vntnA af ttl«« IB thn dM l^dea, T,. XfV 

(I'BlSl. pp, ifhQ.. Thu pLuiuHhtp mtifiniit iti MIsd ^wcll mts 

IJ □1'lUClV luck'd-. 
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VTh^ii we cfomc to the reUgiouB ekmiints the sanie A.sUnic relation- 
fchip ifl equallj well marked. The great giHldess of lilmoan Crete Imd 
sisters east of the Aegean evtn more long-lived than herself. The 
Koirbantes and their diWne child range in the same direction^ and 
the fetish cult of the double \b inseparable frotn that of the 
Carian lafarj's which enrrived in the worehip of the Zeus of 
Labraunda. 

Some of the moat characteristic religious ^enes on ilinoHn signets 
are most intelli^ble in the light supplied by cultn that survived to 
historic times in the lands east of ihe Aegean. Throughoat those re- 
gioiis we are confronted by a perpetually recorrent figiire of a goddess 
and her youthful satellita—son or paramour^ martial or effeminate 
by turnSj but always luortah and nioume^l in various foniis. Attis. 
Adonis, or Than^imnsc* we may add the Than AnehiBes,* all had tombs 
wllhiu her temple wiilb. Xot least, the Cretan Zeus himself knew 
death, and the fabled site of his monument on Mount Juktaa proves 
to coincide with a votive shrine over which the goddess rather than 
the god originally presided. So too, on the ^Tiuoan and atycenaean 
rfgnets we $ce the wairior youth before the. seated goddess, and in 
one ca^ nctinilly seem to have a glimpse of the ^ tomb'" wnthin its 
lemenos, Ih«side it is hung up the little laidy sliicldj a mourning 
votary Lj bowetl toward it, the sacred tree and pillar shrine of the 
goddess are bard by A In another parallel the female mcHimer 

lies proue above the shield itself^ the divine connection of which ift 
fllkown by the sacred emblems seen above, which combine the double 
axe and life Byrabol,* 

Duiihtlc^ fiotnc of these elcuietits, notably in Crete, were absorbed 
by Inter Greek cult* but their characieristie form has nothing to do 
with the traditions of primitive Aryan reUgion. They are essentially 
non-Hellenic, 

An endeavor has been made-, and has been recently repeated, to 
get over the difRculty thns presented by supposing that the culture 
exemplified by the Minoan palaces of Crete- Iwlnngs to two 
to which the namea of “CarUn"" and ^Aclmean” have Iweii given* 
Rough and ready lines of division between “older" and later’" 
palaces have been laid down to suit this ethnograpllie system. It may 
Ije confidently ^ated that n fuller acquaintance w ith the archeological 
evidence k absolutely fatal to theories such as these. 

Tlie more the s-tratigraphica! materials are studied, and it is these 
that form our main sc lent] dc basis, the mure manifest it appears that 
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while on the ime hand th« liintoty of Uie givat Minoan structures in 
tuori! etwipliciat^ than was at first realized, on the other hand the 
unity of tluit history, from their first foundation to their final over- 
tl^w, lu^rts Itself iritli ever-increasing emphasis. The periods of 
destnictmii and renovation in the ilifTerunt palaces do not whoJIy 
rorr^nd. Both at Knossos and at Phaestos, where tlir originni 
Jiuldmgs pi back well nigh to the beginning of ihc middle Minoan 
“ ‘»^wJenil>le overthrow „t the rlow of the second 
middle Minoaji period. Another catastrophe followed at Knossos at 
he end of the third middle Minoan period. At Phaestos, op the 
other hand, the second, and in that case the final, destrnriion took 
place •« ‘he fim late Minoan period. The little palate of ttagia 
r perhaps synchroiiiisc with thosc^f 

hi Pl»a«rt^ was overtliFown at the same time, but 

he Minoan ^vere.gns who dwelt in the lat,^ of Knossos Um 

to have thnv^ m tJie expense of their neighbor. Earlv in the 
^ind late .Mmtian peno<l. when the rival seats were in imtns the 
Kno^an Palace was embeUL*hed by the addition of a new fagade op 
the rentral court of which the room of the threne k a marvelmi. ;,rr 
v.vmg record. At tf.a dose of tide sei-ond late hnnoan age the 
of was finally destroyed. But the tombs of Z^fer Pa^^i™ 

j^ow the. even this blow did not seriously break la 

tMrel L“t« \n' of a purely Minoan revival in the 

Tri«d! ?• r" tJic new i^ttlement of U^l 

rnnda. which may claim the famous sareophagus as its chief LlcS, 
Tlu'iv IS no room for foreign setllement. osiet in rwi* i it ^ 
Million wTOntiw' 

HkiTh,:( zr'- 1".* i ‘“'."r ^ <•' 

bi« »ith nog.,»r.l lincof .iMrogesiKh",,. 

"ntrri Ia Bn CoaniilfitlMi for i . ” ~ ’— — —^ -—- _! 

1 megnmb gf type. Hhm fit Hfiglfi Trjfitlii 

('aliflt In u Hi*! polotnd mt by Xnick {fi-viJlijinm Ti-n ■ 

nnl^lnn ut at iIh* thr« «rniiB w»ll* od ■^rtiUn«J, 

Id c«t*. An eumrle bu bft'D points Oalhr Of ** ^ aiUBB Itl nr 

PsrtiHl Dt Oottrats, ibo^h tiMtr U tto »u(He|«it nr^ r »«=np*lliia 

obMrrins Itial oae of tbo ijitall moiDi t,.* iSDlliDB: It *^+Vchaoin,*^ H i* 

«jw nr anpioce wt op la one «n»«r. Tii • it^Hi^-iaDitt 

nfiij^i^ “nelnillDa Dae T*rr OlJtlDetlro phase uar be * ^lolaad tanDntloti. 

Dote) and aaenn at KnoMaa to th»'^i,ji “* '**• Minoan Ttl. b (oeo 


nifliiiii^ ^yiichrcHiLw ill JliDCHin pentC!i>* hut whoa we coin© to 

I'egiird the tieioniibi iheini?elves ms etratified by the ranoos c:atas- 
implies k becomea evident that they the results of a grnidual 
evolution* There is no bi-eak. Alike in the ureliitectural remAina 
and in the internal decor at ious^ Ln every bmneh of art the deveiop- 
inent b continuoua; and Oiough the division into distinct periods 
ati'Atigrupbicully delimited is iiBoful for piirpostis of chib^ifiealion^ 
the style of one |jliase of Minoan culture ahadet* off into that of 
another by imiMsrceptlble gradstions. The same is true of the 
remains of the early Mmoan periods that lie behind the age of 
palaces’, uiid tlie unity of the whole civilization is such as sliitost to 
iaipose the conclusion that them was a oontiniiity of mce. tf the 
inlmbitanta of the latest palace structures are to lie regarded m 
*’Ai:Iiacans/* the Greek occupatioii of Crete must, on this showringi, be 
carried hack to Neolithic times, A eoasoqucnco of ihis c-onchtsion— 
impmbidile in it^^lf—would Iw that these hypothetical Greeks ap- 
proucheil their Tusiinlflfid seats from the i^iiith instead of the nurtln 

Who would defend such a view i ilucli new light has recently 
loien thrown on the histo^ of the mamiand bruneb cd the ^liiioan 
culture at Mycenae by the supplemeninry researches made umler the 
Auspices of the German Institute at Athens, at TirynSt nmi MyceiiaeH 
ll Is now clear that the liejpnnings of ihh mainland plantation 
handy go back beyond the begiuiitng of the first hite Miiioim period— 
tn other w'ords* long agcb of civilizcil life in Sifinoim Crete hnd pny 
<^e<l the firsi iippeamnees of this high early enltnre an the nor them 
shores of tlie Aegean. From the first there ^ms to have lieen a 
tendency among the new'comors to adapt themselves to the somewhat 
rougher climatic conditions, and. no doubt in this connection, to 
adopt to a certain exton customs ali^ady prevalent among the in- 
digeiiou-s population. Thirs we tiee the halls erected with it narrower 
front and a fixwl hearth, and there is a tendency to wear long-sleeved 
tunicM reaching almost to the kneas. An invaluable record nf the 
characturUilic ffashions of ihia Mycenaeun branch has l>cen supplied 
by the fresco fragmenta discoveied ut Tiiyns froni whicln after long 
and patient ytudy, Dn Rodenwaldt has succeeded in reconstructing 
a series of designs.^ 

These frescoes asv not only valuable as illustrations of Mycenaean 
<lress iHit they exhibit certain fomis of sport of which ns yet w^- 
have no record in ^linoau CYete, but which seem to have had u vogue 
on the mainland aide. Tlie remains of an elaborate coiuposition rep- 
reecnting a boar hunt b* the most remarkable of thetse, and thougli 
bdonging to the later palace and to a date parallel with the third 
late Minonn period ^ihoTi^ extraordiuiny vigor and varieh’. Cer- 
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laiiiJy Que of the most mtecesting features in tbLi eomposit ioa— 
thoroughly J^fmosa in spirit—is the fset that ladies take putt in the 
iiiint. They are seen driv'ing to the meet in their chariot^ and foU 
lowing the quuiTy with their dogs. Atsliuita has her Mycenaean 
predecessor^ Emd tlie Kalydonian Iwar hunt itself may well repre¬ 
sent the same trncHtiou as these Tirynthian wall paintingM. 

But the point to which 1 desire to call your special nttentioii is 
this: In spite of alight local cli'VTrgences in the domestic arriinge- 
nients or costume, the ■' Myceiiuean ” ia only a provincial variant of 
the t»anie '* Mhioitn ’’ civilixation. The house planning may be 
slightly different, but tlie architccturul elements down to the smallest 
details ani pmctieally the aume, though certain motives of decora¬ 
tion may be preferred in one or the otlier area.. The physical types 
shown in the wall paintings are indistinguishable. The religion U 
the same. We fjee the Fame nature goddess with her doves and pillar 
shrinest tlse same haetylic worship of the double axes; the same 
sacral horns; features which, as we now know, in Crete may tie 
(raceii to the early Minonn age, Tlie mainliiDd script, of which the 
[Miinted sherds of TiryTis have now provided a Foritw of iieiv exam¬ 
ples, is merely an offsliout of the earlier type of the linear script of 
Crete and seems to indicate a dialect of the sitine language. 

In the palace liiirtory of Tiryiis and Mycenae we have evidence of 
the same kind of dost met ion and restoration that we see in the ea.se 
of those of Minoan Crete. But here, too, there is no break whatever 
in the continuity of tradition, no trace of the intrusion of any alien 
element, It is r slow, continuous process of decay, nnd while at 
Tiryns the frescoes of the original biilhling were replaced in the sec¬ 
ond palace by others In a slightly inferior style, tliosc of the Palace 
of .^lycenae, to a certain extent at least, as Dr. Bodenwaldt has 
pointefl out, survived it^s later remotlelLng, and were preserved on 
its walls to the moment of its destruction. 

The eWdence as a whole must be regarded as eoncliieive for the 
fact that the original Mmcam element, the monuments of which ex¬ 
tend from the Argolid to Tlielwa, Orchoiiienos, and Volo, held its own 
in mainland Greece till the close of the period answering to the ihini 
late Minoan in Crete. At this period no doubt the center of grav ity 
of the whole civilisation had shifted to the mainland side, and was 
now reacting on Crete and the islands—where, as in Melos, the dis¬ 
tinctive “ ilycenaeati megaron makes its appearance. But the re¬ 
turn wave of influence can not, in the light uf our present knowledge, 
be taken to mark the coiirce of invading hordes of Greeks, 

Observe, too, that in the late Minoan expansion which takes place 
about this time on the coasts of Canaan the dominant element still 
seems to have belonged to the old Aegean stock. The settlement of 
Goeu is ** Minoan.” Its litter cult was still that of the indigenoiui 
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(.'retail god. In Cyprus, again, the first Ai^ii colonists brought 
witli them n form of the Minoan linear script, and a civilization 
which sufficiently proclaims their identity with the older stock. 

We must clearly recognize that down to at least the twelfth century 
before our era the dominant factor both in mainland Greece and in 
the Aegean world was still non-Hellenic, and niust still unquestion¬ 
ably be identified witli one or other branch of the old Minoan race. 
But this is far from saying that even at the time of the first appear¬ 
ance of tlie ^linoan conquerors in the Peloponnese, or, approximately 
speaking, the sixteenth century B. C., they may not have found 
lictUers of Hellenic slock already in the lamb That there were hostile 
elements always at hand is dearly shown by the great pains taken by 
the newcomers at Tiryns. Jlycenae, and elsewhere to fortifj' tlieir 
citaclels, a jirecimtion which stands out in abrupt contrast to tiie open 
titles aud piiliicesof Crete. In the succeeding period, that of the later 
Palace of Tiejms, we find on the frescoes representing the boar-hunt¬ 
ing scene—dating perhaps from the thirteenth century B. C.—the 
first definite evidence of the existence of men of another and presum¬ 
ably subject tuoc existing side by side with the IHyocnaean. An at¬ 
tendant in R menial position, apparently helping to carry a dead 
tioar. is there depicted with a yellow dcin in place of the coni'entioiial 
red, which O'lherwiso indicates the male ses. Ts it possible that the 
paler color n^as here chosen to imUcato n man of northern race? 

That there was in fact in the Peloponitese a subject race of Hellenic 
stock during the whole or a largt* purl of the period of Mycenaean 
domination is made highly probable by certain phenomena con¬ 
nected w‘ith the most primitive of the Greek tribes, namely the 
Arcadians, whose religion and mythology show peculior affinities 
with those of Minoan Crete: Shortly after the break up of the 
;Myc«naean society, during the period of invasion and confusiou that 
seems to have set in about the eleventh century B. C., men of Arca¬ 
dian speech (who must then have been in possession of the Luconian 
coast lands) appear In Cyprus in tlie wake of their former masters, 
and this Cypriote ofislioot affoixls the b($t evidence of the extent to 
which this primitive Greek population had been penetrated with 
Minoan influences. The very remote date of this settlement is estab¬ 
lished by the important negative fact that the eolomsU had left tlieir 
mainland homes before the use of the Pheenician alphnbei was 
known in Greece. Considering the very early forms of that alphabet 
at the dme when it was first taken over by the Greeks, this negative 
phcnomeiion may be taken to show that the Arcadian colonization of 
Cyprus took place before DOO B. C. The positive evidence seema 
to indicate a still higher date. Thus the fibulae and vases of the early 
tcxnba of the Kuklia Cemetery at Paphos ehO'W a distinct parallelism 
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with the sub-M^cenaeen types from those of the Greek Salomls, And 
point to an impact on Cypnis from tlio mainland side about the 
eleventh century before otir era. which may well have been due to 
the advent of the Pre'Doiiun colonists from the Laconian shores. 
These, as we know from inscriptions, brought with them local cults, 
such as tliat of Amykloe; but what is especially interesting to observe 
is the nvholC'hearlGd way In which they are seen to have taken over 
the leading features of the Minnan cult. Fsna^. the Queen, the 
Lady of the Dove, as we see her at Paphos. Idalion or Golgoi, is the 
great Mlnuau goddess. I'he Psphittn temple to the end of the chap¬ 
ter Ls the Minoan pillar shrim<, M'erc all these Minoan features taken 
over in Cyprus itself f May we not rstlier infer that, os the colomsta 
arrived, with at least a sub-Mycenoean clement in culture, so too they 
bad already taken over many of the religious ideas of the older race 
in their mainland home? In the epithet “.iVriadne” itself, ajiplied 
to the goddess both in Crete and Cyprus, we may perhaps see an 
inheritance from a pre-colonial stage. 

In Crete, where Hellenic colonizetion bad also olfected itself in pre- 
iromeric times, the survival of Minoan religion was exceptionally 
greot. Tlic nature goddess there lived on under tlie indigenous 
names of Diktynna and Britomartia. A remarkable example of the 
uontinuity of cult forms bus been brought to light by the Italian 
excavation of a seventh eentuiy temple at Priniik, containing clay 
images of the goddess witli snakes coiled round her arms, showing a 
direct derivation from similar Images in the late Minoan shrine of 
Gnurnih and tlie fine faience iigurea of eongiderably curlier date 
found in the temple repositories at Knossii>$. At Hagia Trio da the 
earlier sanctuary was surmounted Ijy one of ITellenie ^te. in which, 
however, the mule divinity Imd now attained prominence as the 
youthful Zeus YDlchanos, As Zeus Kretegenes, he was the object 
of what was regarded in other parts of the Greek world as a lietero- 
dox cult. Blit in spite of the jeers of KatlUnaehos at the ** Cretan 
liars” who spoke of Zeus as mortal, the wordiip perristed to late 
classical times and points of affinity with the Christian [mint of view 
were too obvious to be lost. It ie ut least a highly suggestive fact 
that on the rtdge of Juktas. where the tomb of Zeus wos pointed out 
to Byzantine times and on a height above his birth cave little shrines 
have been raised in honor of —Christ, the Lord, 

In view of the legendary connection of Crete and Delphi, illus¬ 
trated by the myth of the Delphian ApoUo, the discovery tliere by the 
French escavatore of part of a Minoan ritual vessel has a quite spe¬ 
cial significance. This object, to which M. Perdrizet first called at¬ 
tention, forms part of a marble r by ton in the form of a lioness's head 
of the same ty^ie, fabric, and material os those fomnl with other 
1013-n> 
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.sArrcd vessels in & chAmbcr adjoining ih« canirol s^brine of Knossos^ 
It dearly proves that at Delphi, too, the religion of the spot goes 
hack to Minoan times and stands in close connectioa with a Cretan 
settlement. 

How profoundly the traditions of Minoan and Mycenaean rdigitKi 
influenc^ the early cult of Greece lias been nowhere illustrated more 
clearly than hy the excavations of the British school at Sparta. A 
whole series of the types of ivory 6gnrines there found are simply 
derivatives of the scheme of the hlinoan goddess with her associated 
birds and aninial$L It was the same in lonin. The Ephesian Arte- 
mis has the same asociations as the lion goddess of Knossos, and 
among the jeweU found by Mr. Hogarth in the Temple Treasnre 
occur miniature representations of her double ase. 

I will venture to point out another feature which the advanced 
religious art of Greece inherlterl from IMinoan jirototypes, such as 
those which inHuencfnl the Spartan ivories. Hie lions' gute scheme, 
appropriate to its position in a tympanum, is only one of a seriet^ 
of Late Minoan schemes of the same kind in which the central fig¬ 
ure—either the divinity itself or (ns in the above ca!%) a sacred col¬ 
umn, which as the pillar of the house, stands as the epitome of tlie 
toniple“is set lietwecn two heraldically opposed animals. 

Seal impressions from the palace shrine of Knossos show the 
Minoan goddess in this guise standing on her p»euk lietwecn her lion 
6npporten> Tlic same itleo is carried out in a variety of ways on 
Minoan gems and signets. 

The Mycenaean element in Doric urchitectnre itself ig generally 
reoognirj^l. hut 1 do not think that it has been realized that even the 
primitive arrangement of the pediment sculptures goes hack to a pre¬ 
historic^ model. That the gabled or pedimentnl front was itself 
known in hrinoan times may be gathered from the designs of build¬ 
ings on some intaglio of that date acquired by me in Crete (fig, 1 
o. h)/ \Vlien we realize that the pediment is in fact the functional 
wiTiivalent of the tympanum on a larger scale, it b natural that an ar¬ 
rangement of sculpture appropriate to the one should have been 
adapted to the other. 

In recently examining the remains of the pedimental sculptures 
from^ the rarly temple excavated by Dr. Dorpfeld at PalneopoUs in 
Cerffi, which have now been arranged by him in the local museum 
ttig. 2),* the obserti^tion was forced upon me that the agen tial fea-, 
ttires of the whole scheme were simply those of the Mycenaean tym¬ 
panum. T^e central divinity is here represented by the Gorgon, but 
on athftr gide are thy an imal guardians. In this case apparently parda, 
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heraldically pcaefl, Everything eLse b aflwndaiy , and the scale of 
the other figures k so amall that at a modcratB distance, all includ¬ 
ing Zeua himself, disappear from new. The essentiaU of the 
architectural design were fulfilled by the traditional ifinonn gnmp. 
The rest was a work of supererogation. 

Tho fragment of a scnlptiired lion found in front of the early aiath 
century temple at Sparta was clearly part of a pedimental whonie 
of the same traditional claaa« 

The e.\tent to which the iliiioaiiii aud Mycanaeans. while still in a 
dominant posidoii, inipreased their ideaii and arts on the primitive 
Greek population iuself argues a long juxtaposition of the two ele- 
ments. The intensive aWrpticji of Minoun religiouj, practices by 
the proto-Apcadians previous to their colonization of Cyprus, which 
itself can hartlly be later than the eleventh century B. C, is a eraciul 
instance of this, and the contact of the two elements thus involved 
itafllf implies a certain lingiiietic oonunnnioiii, IVhen, reinforced hv 
fresh swarms of immigrants from the northwest, the Greeks bttgaii 
to get the up^r hand, the position was reverse*!, but the long previ- 
WHS intcrrelution of the two races must hjive facilitated the work of 
fusion. Tn the end, though the language was fireek. the physical 
cbarnctcristica of the later Hellenes prove that the old Mediter¬ 
ranean element showetl the greater vitality. But there is one aspect 
of the fusion which has a special Ijcaring on the present subject—an 
aspect- Tei^ familiar to those who, like myself, have had experience 
of lamia wimre nationalities overlap. A large part of its early popu¬ 
lation must ha^'e pnsswl through a bilingual stage, Tn tlie eastern 
parts of Crete inrleeil this cwiKiitioii long survived. As late as the 
fourth ecntiny' Iwfore our era the inhabitants still clung to their 
Euwretan language, but we know from Htwodotos that alreadv 
in hjs day they were able to converse in Greek and to hand cm their 
tradition m a translotod form. It can not \k douirted that at the 
dawn of history the ^me was true of the Peloponneae and other 
parts of Greece, TIils considcrution (low jint seem to have been 
Ruflidently realized by classical students, but it mav involve results 
of a most far-reaching kind. 

The ag® when the Homeric poems took their characteristic shape is 
the transitional epoch when tlie x\ss of bronze was giving place to that 
of iron. As Mr. iVndrew Lang well pointed out, they belcing to a 
particular phase of tbLs transition when bronze was still in iiae for 
weapons and armor, but iron was already employed for took ami Un- 
piemen!H. In other woniti the age of Homer is more recent than 
the latest stage of anything that can be called hnnoan or Afveenoean. 
It IB at most “ sub-Mycenscan.” It lies on the borders of the geo- 
rnetnea! period, and though the oreheological strntum witli which 
It is assoc IB ted contains elements thil may tie called -‘snh-Myce 
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iiRwftn,” it is, artisticall? faking, a period of barbarifiici and defrm- 
fiation—a periofi when the great cities of whoee nikrs the prot eang 
had for some two centuries been heaps of ruiDs. The old art had 
parsed away. 'Fhe new was yet unboriL 
'■Homer’' Jies too high up in time for it to be admmihk to seek 
for Illustration among the works of renascent art in Greece, or the 
q^dre or less oontemporary importationsj such as Cypro-Phcenician 
liowls of the seventh or sisrtli centuries B. Chj once so largely drawn 
on for compariison. On the otlier hand, tile niastcrpieeee of Jlinoan 
and ^lyccnacan craftsmen wore already things of the past in the days 
in which the Iliad and OdysHey took their organic form. Even the 
contenU of the )fltci=t Mycenaean graves have nothing to Jo witli a 
culture in which iron was already in use for cutting purptn^ and 
cremation pinctioKh 

How is % then, that Homers tliough profe^edly eoimnej no rating 
iIjC deeds of Achaean heroes, is able to picture them among surround' 
jugs which, in view of the absolute continuity of Minoan and ^lyce- 
uaeau history, wo may now definitely down as non-Helkukri 
How e^tplaiu the mode^i of combat kirrowed from an oarlkr age and 
associated with huge body shields tlmt had long been obsolete, 
W'hence thk familiarity witli the court of Ifycenae ami the domestic 
]&rrangenients of palaces that w'ere no moi*e? 

1 venture to believe that there is only one solution of these grave 
<]i9ictilties, and that this is to be found in the bilingual condition^ 
which in the Pelopontiesc, at least, may hate existed for a very ron- 
rfcierable |>eriod. TIk* Arcadian-speaking frreek population of thnt 
arCRt which apparently^ at least \\s early ae tlie eleventh centurr. be¬ 
fore our era sent forth its colonists to Cyprus, hud^ as pointed out. 
been iiln^ady i>eiietrat6d with Minoan ideas to an extent wliich in¬ 
volves a long previous juxtaposition with the element that formerly 
dominated the coimtiy. They had a^imilatcd a form of Minoan 
worship, and the hymns and invocationft to the Lady of the Dove can 
hardly liave lifen otlier than adaptations of those in use In the 
Mycenaean ritusd—in the same way as tiie Greek hymn of the 
Dictaean Tcnipk must lie tLikm to I'cfiect an original handed down 
hy Eteocreum choirs, 

Wo may well a^ik wliether a far earlier heroic- cycle of Minesan 
origin might not to a certain extent have affectecl the lays of the 
primitive Greek popuktlon. MTieii. iu s bilinguol medium, the pres¬ 
sure of Greek conquest turned tlie scales finally on the Hellenic side, 
tnay not gciuetldng of the epk traditions of tlvc Mycenaean aockty 
lia^ been taken over ? Englialmieni at leasts who reali^^ how largely 
tritir. and Romance ekmenta bulb in their omtional poetry sliould 
tic the Iasi to tkny such n possibility. Have we not, imleed, the 
pr<fcof of it in inimy of the tiiemes of the Homeric liiys^ already 
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pointed out? They Jargdy pDiitukte b etttte of things whicli on the 
mainland of Gr^jeoe ea^iBt€d only in the great days of Mycenae, 

In otlicr words, many of the difficulties with which we have to 
deal are removed If we accept Ihe view that a consideruble elcmenL in 
the Homeric poems represents the materiab of an earlier ^^iinoan 
epic taken over into Greek. The molding of such inherited materials 
into the new^ langunge and the adapting of them to the glories of the 
new i^ce was no doubt a graduiil procci^ though we may still regard 
the work in its fiiml form as hearing the stamp of individual genins> 
To take a comparison from another field, the arch of Coiistantine is 
still a fine arfliitectural monument, thoagh its dignity be hirgelj" due 
10 the hannonioiL? incorporation of earlier ^ulptures. Not less does 
Homer personify for xis a great literary achievement, though the 
materiab that have been brought together belong to more than one 
xigQ* Thoro is nothing profane in the idea that actual iranslstioiu 
perhaps of a very Literal kind* from an older Minoan epic to the 
new Achaean, played a considerable part in thk asdmilative process. 
The seven-stringed lyre itself was an heirloom from the older i^oe. 
Ls it, then, unreasonable to believe that the lays by which it was 
ftccompanied were inspired from the j^ame quarter! 

And here we are brought up before an aspect of Minoan art which 
may well stand in relation to the contemporam- oral or liteniiy* com- 
l>r>sitions covering part of the Homeric ground. The Homeric aspect 
of some of its masterpieces has indeed been so often observed as to 
have become a commonplace. In some part.s of pictorial 
are preserved, sudi as primitive b^rds delight to describe in connec¬ 
tion witli works of art. The fragment of the silver vase with the 
siege scene from Mycenae nfords a well-known luiitancc of this. 
A EimiJar topic is discernible in the shield of Achilles, but in this 
case a still nearer parallri h supplied by the combat on the ahicld 
of Heraklfe, described by Hesiod. Here the coincidence of subject 
e^ctends even to particular details, such m the women on the towers 
shouting with abrill voices and tearing tlieir cheeks ami the old men 
assembled ont^de the gates^^ holding out their hands in fear for 
their children fighting tefore the walls. The dramatic moment, the 

fate of battle still hanging in the balance —m alien to oriental art_is 

equally brought out by the Mycenaean relief and by the epic doscrip- 
lion of the scene on the shield, and the parallelism is of special value* 
since it may be said to present it^lf in pari materia—artistic compo¬ 
sition on metal work^ 

So too at Knoesos there cume to light parts of a mosaic composi¬ 
tion formed of faience plaquea, and belonging to the latter part of the 
middle Minoan age. Parts of the composition, of which we have a 
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rt-ctn-il, 1-t‘^rtscnt ivarriors and ii dly, likt: llic 
scene on the silver cup. But also have glimpsea of civic life itithin 
the walls, of goats and owii without, of fruit tre«i and running 
water suggesting a literal qomtjarisoii with the Homeric description 
of the scenes of peace and war as illustrated cm the shield of Achillei^ 
Th^ touiG de forft‘ of Hinoon artists were executed some five een- 
turi^ before the Homeric poeuiK took shape. They may either have 
inspired or illustrated contem]H>i"ary epic. But if fireeks existed in 
tlie Pelopoimese at the relatively eiirly epoch, the cl<*se of the middle 
Minoaii age or the very beginniug of the late Minoan, to whldi these 
luasterpieces belong, they must still have been very much in the back* 
ground. Ihey did not surely come witlun that inner pahice circle 
of Tiryns and Mycensc. where such works wen? handled and admired 
111 the spirit (with which we must credit their [jussessorel of ciiiti* 
vated oonuoUseufB, Still less is it possible to suppose that any 
Adiacan hard at the lime when the Homeric jioems erj'siallized into 
their permanent shape had such life-like compoeilions before hk eye 
nr uouJd have appreciuteil them in the spirit of their cfcatiOin. 

Again We have the remarkable series of scenes of heroic combat 
l»est exemplified by the gold Bigncta and engraved beads of the shaft 
grai.k» of Mycenae—themselves no doubt, as in like cases, belonging 
to an artistic cyde exhibiting similar Bcenes on a iiiore ample scale, 
such as may some day be discovered in waU paintings or larger re¬ 
liefs iiii metal or other materiahs. Scblitmaua,^ whose riews on 
Homeric subjects were not perturbed by ciironological or ethnographic 
diEcrepAticlcs, had no diJficulty in rccognking among the pereonages 
depicted on tliesc intaglios Achilles or ‘‘ Hector of the dancing hel¬ 
met crest,” iind could quote the Homeric passages that tliev illtia- 
trated. “The author of the Iliad and Odya^ey he exchiimB, “tan 
not but have been born and educated amidst u civilkatioij which was 
ubie to produce such works ns these." Destructive criticism has since 
endcavoreci to *t aside the oogamy of these riimparkons by po'mtlng 
mit iliat, whereas the Homeric heroes wore heavy bronze armor, the 
figims on the signet are almost as bare as were, for instance, the 
ancient Gaulish warnors. But on eancntial oonsidcration lion been 
to'wloohed. The signela and intaglius of the shaft graves of Mycenae 
•j if "il*, t"‘ns'tional epoch Uiat marks the dose of the third 
middle Mmonn period, and die very beginning of the late Minoan 

^ fashion in signeb se^ma £o Imve eubseijnently undergone 
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a cbangt^, and tlw later class is occupicJ ^viiU r^ligiuiia SEib^ecttii. But 
in the later days of the Palace of Kdossos nt all ovents, a series of 
clay documents attests the fact that a bronze cuirass, vith shoulder^ 
pieces and a Buoccssion of plates, was a rcgalnr part of the equipment 
of a Minoan knighL Somettmes be received the equivalent m tlic 
shape of a bronze ingot or talent —h good suggestion of its weight. 
On the somewhat Inter Cypro^Mycenaean ivory relief from Enkomi 
(where bronze greaves were also found) we see a similar cuirass.^ 
Tilia comparison hasepecial pertinence when we rrineinbcr that in the 
Iliad the brt^astplate of Agamcmnoti was the gift of the Cypriote 
Kinyras, 

A close mrreBptiiideiicc can moreover be traced between the My¬ 
cenaean and Homeric methods and incidents of combat due to tlie 
use of the tall body shield—^which itself had long pone out of nsc at 
the time when the Iliad was put togetlier. One result of this was 
the practice of striking at the adversary's throat as Achillea did at 
Hector's—an action illiistmted by tlie gold intaglio from the third 
shaft grave. On the other hand the alternative endeavor of Epic 
heroes to pierce through the “towerlike” shield itself by a migitiv 
spear thrust is graphically repraented on the gold bezel of a My¬ 
cenaean ring found in Bocotia,' The risk of stumbling involved bv 
the use of these huge laHly shields is exemplified in Homer by the 
fate of Periph^t^ of ifyeenae, who tripped against the rim of hb 
shield, ■'peaching to his feet” and was pierced through the breast 
by Hectors spear as he fell buckwaixL* A remarkable piece of evi¬ 
dence to which 1 shall presently call attentimi shows that this par¬ 
ticular scsenc seems to have formed part of the repertory of the en¬ 
gravers of signetE for Jfinoan lords, and that the Homeric episode 
may have played a part in Chansons cie Geste as parly as the date 
of the Akropolia tomlis of Mycenae,* 

Can it indeed he believed that tlieee scenes of knightly prowess on 
the ^fycetiaean signets, Iwlonging to the very house of Agamemnon, 
have no connection with the epic that glorified him in later days? 
Much may he allowed for variation in the details of individual epi¬ 
sodes, but who shall deny that Schliemann's petsiiaaion of their cEsen- 
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tifll i^orrespantlGiice was not la rgely justified if Take the celebrated 
design on the signet ring from the fourth shaft grave, in which a 
hero, apparent Ij in defense of a fallen warrior, striki^ down his 
ae^ilfltit. wiiosc half-retreating comrade, covered behind by a Jarge 
body shield, aims his spear appHrcntly wdthout effect at the victorionij 
rhanjpion. Save that in llic case of the protagintlat a spear is sub¬ 
stituted for a tlimsling sword, and that the fallen figure behind the 
champion is that of a wounded man who still has strength to rui^^ 
himself on one arm, the scene curiously recalls, even in its details, an 
episode of the Seventeenth Book of the Iliad. Tliere tbo Telnmoninn 
Ajiut, standing before Patroklos’s body, strikes down Hippothots, 
while Hector Itehind hurls his sjiear at Ajiix, but just misses his alni. 

Much might be atkled about these pre-Hoiuerb illustrations of 
Homer, but I will confine tiiyself here to one more esample. In tlie 
temple repositurlea of the Palace of ICnossos, dating from about 1600 
B. C., was found a clay seal impression eshibiting a sea inojjster witli 
(I doglikc hend rising amidst the wavijs attacking a boat on which is 
^11 a man Iwatiag it oJf with an oar (fig. 8).‘ Rnt this sea monster 
Lh h prototype of t:)bylla, and thuu^ her dogs' heads were multiplied 
by Homer's time, we have here, in the epitomised manner of gwn 
enj^ving, the eiisentials of Ulii’sses’S adventure depicted half a mil- 
ienium. at least, befoiv the age of tlic Greek epic. It would ap|)ear, 
moreover, that the same episode was made the subject of illtistration 
in larger works of Minoan rtrt, accompaiiied, we may suppose, with 
further details. A frogmont of a wall painting found at Mycenae 
slmwa part of a mouster's bead in front of a curving object, recalling 
the stern of the vesa^l on the seal iiupre^ision; and Dr. Studnicaka 
has with great probability recognized in thisu pictorial version of the 
same design. 

But, over and above such correspondence in the individual episodes 
imd the detailed acquaintanre with the material equipment of Minoan 
rivUbation, the Homeric poems themselves show a deep coniiuunliy 
with the naturalisiic spirit that pervades the whole of the Mb 
I loan art. It is n commonplace observation that the Homeric similes 
I'elating to animaU recall the representatioos on the masterpieces of 
Minoan art. In both cases we have the faithful record of eyewit¬ 
nesses, and when in the Iliad we are presented witli a lifelike picture 
of a lion fastening on to the nock of a steer or roused to fury by a 
hunter s sxiear ive turn for its moat vivid illnstration to Minonn gems. 

In the Irnnsltional cpocli tliat marks the dose of the age of bronze 
m Graeco and the Aegean lauds tin* true art of gem engruviug was 
nonexistent,^ and so, too, in the Homeric jjoems there is no meDticm 
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either of inmglios mid mgs. Yet ki the Odyssey just such 

a scene of anjinfll prowess as formed the theme of so tuany Minonii 
gems, a hound holding with teetli end forepaws a struggling fawn, 
is dcscriljcd as the ornament of golden brooch. The an- 

achronlsm here involved has been met by no Homeric comnicntalar, 
for we now know the fibula types of the Ae-gean ^^Chalco-siderie 
nge’’ if r Jiiay coin such a word—to which the poems belong, with 
their inailistic and stilts and knobs. It b ineonceiviibie, even 
did their typical forms admit of it, that any one of thes^ could have 
been equipped wJth a naturalistic adjunct of such a kind. The sug- 
gL'stod parallels have, in fact, been painfully sought out amongst the 
fashions in vogue thi^ or four eenturles later than the archeological 
epoch marked by the Homeric poems.^ Ajs if aich natunilistic!; eotn- 
positions had anything in common with the stvlked mannerisms of 
the later Ionian artt with its splunxe^ and winged uionsters and 
mechanically balanced schemes, 

Alust we not rather suppose that the decorative motive here applied 
to Ulysses's brooch was token over from what had been the principal 
personal ortiaments of an earlier age, when In Greece at least hbiJie 
were practically unknown^® namely, the perforated intaglios, worn 
generally jta periapts about the wrist An eiample of one such from 
eastern Crete w'ith a scene singularly recalling the motive of the 
brooch is seen in figure 4. It would not have required much license 
on the poet s part to transfer the de^ription of such a design to a 
personal ornament of later usage with which he was acquainted. 
But the far earlier associations of the design are as pateiiL lo the eve 
of the orclioologist as are those of a classical gem set in a meclie%«^al 
reliquary. 

When in the days of the later epos we rocoguiz® heroic sceno^^ 
tt I ready depicted by the Minoan artists and episodes iiodrinct with the 
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iiiiLiirnii^tic fa^Jiril of ihni l^riHiRnt clawo of art. wo muy Wi^Ll mk how, 
ticcording to Ally received theory, sueh perfect ^limpisijis into Uie life of 
I bat long-pqiat age could have been prcser^'cd. The detailed nature of 
tuitny of tiio paraUeb excludes the ideji that we have here tn do with 
ilie fortuitous working of poets' imagination. are coiitiniiiilly 
tempted to ask. could such descriptive power in poetry go side hy 
side with its antithesis ia art, the JegradetL csjavetitional art of the 
period in whidi tha Homcrio epos took itE Qnal form ? 

But if a ixJiohiujAtiofi of such contrudictory tiuallties seem-H in ihe 
highest degree improljabJet how art- we to explain this pltenomeiion i 
By what meaiiif couJd this undimmed reflection of a pure, great age 
Imve been perpetuaie<l and preserved f 

Only in one way, I again repent^ could such passages, presenting 
the incidents and life of the great days of ilyeenae and instinct with 
the peculiar genius of its art. have been hitndtHi down intact. They 
were handed down intact because they were preserved in the em- 
^jaltning mecliimi of an earlier epos^-4:iie product of that older non- 
Hellenic race to whom alike belong the glories of Mycenae and of 
Minoan Crete:. Thus only could the irideseeni wings of that earlier 
phantasy have iimint&iiied their pristine form and hu^ Ihroiigh days 
i*t darkne^B and decBne to grace the later, Adiaean worhL 

Where, indeed, would be the Jly withutit liic aml>ert How could 
the gestes and episodes of the Mhioan nge have survived for incor¬ 
poration in later epic lava without the embalming element supplied 
by a more ancient poetic cycle I But tlie Unking over and absorption 
of these earlier materials would l>e greatly aimplihefl by the existence 
of such bilingual conditions as ha\'e bwn above postulatetb The 
process itself may have l:>egun very early, and the long contact of Bie 
.Vreadian branch, whose language most a[>prnuches the original 
8p«ch of Greek epic with the dominant Myoenaeans may Imvn greatly 
Contributed to its elaboratioii- Even in its fjriginjil I^Linoan elemental, 
moreover, we may expect stratification—the pericxl, for instance, of 
the body shield and the period of the round targe anil riiiras:^ may 
have both left ibeir mark. 

ITie Homeric po^s in the form in which they finally took $;hape 
are tlic result of this prolonged effort to harmonize the old and the 
new elements. In tlie nature of thiiigs: this result was often incom¬ 
pletely atlsincd. Tlie evidence of patchwork k frequently pateul. 
Contradictory features are found such as could not have coexisted at 
any one epoch. It bos been well remarked by Prof. Gilbert Murray * 
that even the Smiles, the very breath of the i>netry of Homer, are 
m many caoBfr—judg^^ usual ly—adopted r^dy-niade. Their vivid- 
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ttf observation, their air of f^hness anti spon¬ 
taneity are lOl deceptive.^ ilany of them are misplaced and “wore 
originally written to describe some qnitc different occasion.” 

Mitch has still to ho written on the survival <i£ Miiioan elements in 
almost everj* department of Uie civlliicd life of later Greece. Apart, 
moreover, from oral tradition we have alwaya to reckon with the 
possibility of the persistence of Jiterun' records. For we now know 
that an advanced fij'steni of linear script was in vogue not only in 
Crete but on the imtinlimd side in tlie latest Mycenaean period.' 

Besides direct tradition, however, there are traces of a process of 
another kind for which the early renahsunce in Italy affords n strik¬ 
ing analog^'. In lator classical days some of iho more enduring 
examples of Mi noun art, such as engraved gems and si^ets, were 
actually the aubjects of a revivsL T venture to think that it can 
Iiardly In? doubted that a scries of early Greek coin types ate taken 
from the designs of Minoan intaglios. Sueli very naturalistic designs 
as the cow scratdiing its head witli its himi leg or licking its Bank 
or the calf that it suckles, seen on the coins of Qortyna, Karyatos, and 
Eretria seem to be directly Ijorrowed from Minoan lentold gems. 
Tlio two overlapping swans on coins of Eton in Macedonia rccol! a 
well-cstabli^ed intaglio de^gn of the same early class. The native 
goats which act iwi Hiipporten? on cither side of a lig tree on some types 
of the newly discovered archaic coins of Skyros wiggcst the same 

cojn[iariaons. On the other hand a version of the lions' gate scheme_ 

two lions witli their forepaws on the capital of a column, seen on 
an lonjari stater of nlwut ”00 B. C—has stmio daUns, in view of the 
Phrygian parallels, to be rcganlud as an instance of direct survival. 

A good deal mure nvigiit be said as to this numtsmatic indebted¬ 
ness, nor is it stiqirising tlmt the civic Iwidge on coins idmuld have 
Iwen taken at times from those on aticlent gems and signets brought 
to Jight by the accicleniftl opening of a tomb, together with bronze 
anna and mortal remains attributed, it may be, to some local hero. 
Of the alnioet literal reprotliiction of tJie designs on ^Bnoan signet 
rings by a Inter Greek engraver T am able to set Iwforc vou a reully 
astonmhing example. Tliree riugp (figs. 5. 0, 7) were recently oh- 
by me m Athens, consist'mg of solic] silver hoops themselves 
pciuinnulur with rounded temnnationB in which swivel fashion are 
set ovul ivory- IxiwK with intaglios on either side, .surroimdeil in 
each by a high rim, itself taken over from the prominent gold 
rim of Egj'ptian acanib mountingBL These Ixwels are perforatetl. the 
silver wire that went through them being wound around the feet of 
the hoops. From particularities in the technique, the state of the 
metal an d of ih^ jvory, and other points of internal evidence, it is 
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uuposaible to doubt tlic geauini^ Emtiquity of ihe^e objects.^ They 
wfiTo said to been found in h tomb in the western part of CretOt 
reacliiog Athens by way of Caoea, and their owner set no high raliie 
on them," This type of ring with the wire wound itround the ends 
of the hoop is in common u»a for scarab^ cylinders, and scoirubohls in 
the sixtJi and fifth ceuttirics B. and itself barb to Mlnosn 
or ^lycenaeon prototypes.'' From the style of engmTitig, however, it 
st'erns imposaiblo to date the signet ringw iii question eurlicr tlinn 
jdx>ut 400 B, C. 

The subjeolo of two of these are a Sphmi with un ilx^s on the 
reverse (fig. 3^^ J) and another Sphinx coupled in the same way 
w’ith a Chiioaera (fig, 6), The intogliDa are executed in an ad¬ 
vanced provincial Graclt style, in whichp however, certain remi- 
Jiiaconces of artistic schemes dating fmm the fir^^l half of the fifth 
century are Htlll perceptible/ 

But the designs on the two sides of the third intaglio (fig- To: and 
&)h, though obviotiEly engraved at the ssmo time as the others and by 
the same hand belong to a very different category. On one dde a 
man in the Allnoan loin clothing wdih n short thrustiog sword in his. 
right hand is atruggUng with a lion^ the head of whidi is seen as 
from above. It will be recogiiLzed at once that Uiis scheme corre¬ 
sponds even in details with that of the hern Rirtiggling with a lioo- 
eogra^'ed on a ^Id perforatod bead or ring l>ezel foiiott by Schlie- 
matin in the third shaft grave at Jfyceoae.* * On the father side of 
tlie intaglio, we see a bearded warrior with a girdle and similar 
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Minoan costume, n-eariiig a hebiiet with zone& of plates and beadllg 
a figare-of-eigbt shidd on his back. Owing to the defective preser¬ 
vation of the surface it is diffitniU to make out the eiact character of 
the stroke intended or to distinguish the weapon used from the war¬ 
riors raised arms. That he is aiming a mortal blow at the figarc 
before him is dear. The latter wears the same narrow Blinoau girdle, 
but his licln«?t; which is broader, is not so well executed. He is 
riiowti in a helpless poaition, falling backward over the lower mar¬ 
gin of a similar riiietd and holding a sword in his left, hand, which, 
however, is rendered unavailable by his fall. 

Here we have a scene closely analogous to that on a sardonyx len- ’ 
told fi'om the tliirtl shaft grave at Mycenae,’ except that in the pres¬ 
ent case the body shield of the falliiig warrior reaches to his heela. 
If. as seems probable, this latter detail belongs to the original of tlie 
type, and tlie warrior bos tripped backward over the lower rim of 
his cumbrous body shield, the scene itself would abeolutel; corre¬ 
spond with the Homeric episode of Periphetes, to which I have 
already referred. 
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I. INTJIODCCTION. 


T1i€ problem of the ioAueucu of hot »iirfaces upon gaseous cotti- 
bustion is oue which, from a purely scientiBc standpoint, lies engaged, 
for many years past, the attention of Prof. William A. Bone, of 
Leeds University and the Imperiitl CoUege, London j and ns his recent 
Work has been the direct outcotne of earlier scientific investigation, 
it will he appropriate, by way of introduction, to review briefly the 
present position of science with restwet to tins iniportant subject, as 
stated by Prof. Bone, 

One mny perhaps best anlve at an understanding of the term 
"flaniel^’’ or ‘‘surfiiH:*'' combustion by considering certain, facts 
which dillercntialo it from the more familiar processes of combustion 
as tliey occur in ordinary Banics, All hot surfsces have an accclerat- 
ing influence upon chemical changes iti gaseous systems. If, at any 
temperature, » gaaeous system. A, tends to puss over into anfdher 
ayistetn, /f, contact with a solid at the same tvinperatiire will accelerate 
the process. 

To take a very simple exampte, if a mixture of hydrogen and 
tl'pir combining proportions (electrolytic gas) were main- 
tained in an intlosure with smooth gla-^s walls at a temperature of, 
wiy, 45D“ C,, there would certainly !» a tendency to form steam, but 
the rate of clmnge would be negligibly small, ff, however, there 
were brought info the syoteoi some porous solid material at the same 
temperature, so that a large surface was exposed to the gases, the 
rate of change would at once be rapidly accelerated in the layer of 
glia immediately in contact with the hot surface. Steam, the p^duct, 
would diffuse outward from the surface, and tlic supplies of hydrogen 
and oxygen at the surface would he renewed by diffimion inward. 
Thus combustion would proceed heterogeneously at the surface until 
the transformation of the original electrolytic gas into steam was 
wmple te. In Uie circumstances just cited, the rate of combustion. 
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akliDugh now quite measurable, would probably be imoffidcnt to 
cause any self^teatmg of the iuclosiiFO, The temperatui^e would re- 
luaiu at 450® C., which is wdl below tho ignition temperature of the 
combustible mixture^ or the point at which a solid w'ould attain even 
incipient incandescence. 

It is therefore necessary to distinguish Ijctween two p^issible don- 
ditions under which gaseous cotnbusibti may occur^ namely: (1) 
homogeneously, tjiat is to equally throughout the ^stein as a 
wholei at temperatures below the ignitioii pointy slowly and without 
daioe^ and at temperatures above the igjution t>oint, rapidly and witli 
flame; and (2) heterogeneously, or only in layers immediately in 
contact with on incandescent surface (“surface -’ or flamcless” com¬ 
bustion)« Other tilings being equal- the het4;rogeneous surface com¬ 
bustion is a faster process than the nortiml homogeneous conibusiinti 
of ordinary flames. 

The influonce of hot surface upon combustion at low temperat ures 
scorns to bav^ occupied the altcntion of several chmlsta (Dulong: and 
Thenard and, independently, Doboreiner, in France, Sir Humphrey 
William Henryj. Thomas Graham, Faraday, and do lii Rive, 
in Fxigland) during the first third of the lust century; but no ouo 
of the!^ diEtingubihcd men succeeded in evolving a satisfactory theory 
of the phenometion, nor, with the except ion of the famous “ Dobe- 
reincr lamp,” was tiiero any practical outeome of their efToilSK In 
iSt^S, after ii long but abortive controvert between Fai^day and 
de la Rive, interest in the subject waji dropp^, not to be revived until 
recent years, iVof^ Bone-s attention was fkit dntwn to the subject, 
during the course of an invesLigation on the cotabustion of hydro¬ 
carbons at low temperatures. The subject soon became so absorb¬ 
ingly attractive that he embarked upon what proved to be a long 
inquiry Into the influence of a great variety of hot surfaces upon the 
combination of hydrogen and oxygen at temperatni^ below the 
ignition point. The inquiry has also included other cases of slow 
combustion; and esperimenis now in progress in hhs Ubnrjitory will 
materially advance tlie .sieience of the subject, 

Prol Boners experimental resulLs justify the conclusion that die 
power of accelero^ling gaseous combustion at icinpcratureA lielow tbe 
ignition point is posses^^ed by all surfaces in varying dcgiees, de¬ 
pendent upon their ehemicul characters and pbydctil textum Hore^ 
over, the activity ” of a given surface can be enhancec] or diminished 
at will in u truly marvelous mnciuor by pluvious S{)ecial treatment. 
Thus, for example,, in the case of the combination of either Iivdrogen 
or carbon monoxide with oxygen^ in contact with a nonoxidizable 
metal or nonrciliicible oxLde/the “activity"’ of ihe surface may be 
greatly fitjiuulatcd by previous contact with the combimiibk and. 
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conversely, may bo diminished by [irevurus contacl with oxygen. 
Again, there is abimdant evidence ihat. the aetnn) surface combustion 
is dejM^nclent upon n prior “absorption" (or condensation) of the 
combustible gos, and possibly also of tlie oxygen, by the surface. To 
what extent oxygon is involved, is not as yet perfectly dear. The 
“absorbed" (or ooudensed) pas becomes “nctirated” (prol^ably 
“ ioni^etl,” as the physicists would call it) by at^sociatiori with the 
surface. Finally, certain important differences have been established 
between ordinary linmogenrtius combustion ainl beterogencuua sur¬ 
face or flarudeas combiifitiou. Thug, for example, whereas tlto 
presence of water vapor certamly accelerates, if it is not essential 
to, the Jtomogeneoos combustion of carbon luoiioxide, it gi'eatly re¬ 
tards the heterugCRCous combustion of the same gas in cttntact witii 
a surface sudi as ffre-day. Again, whereas metlnine bits, in ordinary 
flames, a uiuch greater affijuty fur oxygen than cither iiydrogen or 
carbon mouoxide, a hot surface, by virtue of some “selective ” action, 
will completely reverse this usual order of thinga^b remarkable 
drcumstuucci, than which no better proof eoiild Ijc afforded of the 
reality of surface combustiuJi. 

In a discussion before the HritigJi Association in 1016, Sir J. J. 
Thompson insisted that combustion is concerned not only with atoms 
and molecules, but also witli electrous^l e., bodies of much amaller 
dimensions and moving with vciy high veloclties-^md suggested that 
“In reference to the inlluences of hot surfaces in promoting «im- 
bustion, to which Professor Bone has drawn ultentinn, it was not 
improbable that llw emission of charged particles from the surface 
was n factor of primary importance.” Tliose who have followed 
recent developments of the corpuscular theories of electrical action 
will recall the experimental proof that incandescent surfaces emit 
enormous slrcannj of electrons, traveling with high velocities; and 
the action of such surfaces in promoting ronibustiou may ultimatelv 
be found to depend on the fact tliat they bring about the formation 
of layers of electrified ga.s, in which chemicia changes proceed with 
extraordinnrj' rapidity. 

A distinguishing feature of the new pi-oceases employing finmeless 
iHimbustion is, tlmt a bomcigcneous explosive mixture of gas and air 
in the proper proportions for complete combustion (or with air in 
slight excess), is caused to burn ndtiiout flame in contact with a 
granular incandescent solid, whereby a lai^ge proportion of the poten¬ 
tial energy of the gus is immediately converted into radiant form. 
The advantages dainied for the new system arc: (1) The ctanbust- 
tion is greatly accelerated by the incandescent surface, and may be 
concentrated just where the heat is required: (9) the eombuation is 
perfect with a minimum excess of air; (3) the attainment of very 
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liigh tempera1 11 n>s w possible without tlie aid of elaborate ** regenera¬ 
tive’ devices; and (-4) by reason of the large amount of radiant energy 
iteveloped, transm^on of heat from the seat of combustion to the 
objct’t to be heated is very rapid. These at!vantages are so nnUjudj 
combined i!i the new system that the rcsiittaiit heating-effect is, for 
many impoitant purpotios, not only pmtnlnently ecjonomtcoi, but al&i 
ea.sy i^f control. 

!l. lU,tl'l!HAUM-IIlUTlNt5 AN’l) ITS ArtT.H'-VTlONS, 

In this profifs,'? the homogeneous mixture of gas and air is allowed 
to flow under sUglit pressure from a suitiible feeding chamber, 
through a porciiis diaphragm of refracLoiy iniiterial, and to bum 
tvithoiit ffame at the siirfaw^ of exit, whirti is thereby maintained In 
ji .«tate of red-hot incandescence. The diaphragm is composed of 
granules of lire liriek hoimd together iiit-o a coherent block by suita¬ 
ble means. Im porosity is graded (o suir the pnrticviJar kind of gas 
for which ii ‘ja Hi be usisl; hut fur undiluted coal gns, or coal gas 
i.'ontuining only a rinuill proiwrliou of water gas, a dlsphrogni so 
porous that the gaseous mixture will readily flow through it at a 
pi'Oiifura (if ijiie-eighth inch water gauge is employed. It is mounted 
in a suitable easing; the spam inclosed between, tlie back of the casing 
and the iliaphragm corctltuting a convenient feeding ehumber for 
the ga.'H'ous mixture, wliich is introduced at Ujp back- Siicli h mix¬ 
ture may la- obtained in eilliier of twcj ways; namely, (i) by tneons 
of suitable connections through a Y-pk-co with separate supplies of 
Ir.w-prcsaiire gas and air (2 nr It inches wntcr gauge only is sufficient); 
or ;2) by means of an injector arnidgcment connected with a supply 
of gas at 2 pounds per sqiiara inch pressure. In this (;ase the gas 
draws its oivn air from the atmissphcre in sufficieut rjuantity for com¬ 
plete combustion; the proportions of ga.'« and air being easily regti- 
latiiJ by a simple device. 

To start up a diaphragm, gas is first of all lurucd on and ignited 
as Jt Julies at the surface; air is then added gradualty until a fairlv 
aerat^ mixtare la obtained. The flame soon becomes nonluminotL 
and ^mimahcg m a moment later, it retreats to the surface of 

Lmv T™ appearance; soon, 

boweur, the grimules at the surface attain im incipient red heat, 
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the aiirface, »ml no heat is devdopt^i in way uthei- part of tho op- 
paratT]s< While the front of the di&phragni is intensely hot, the hack 
of the apparatus is so cohl that one can lay the hand on it. The 
(omhnstton of the gas, ahhoiigh t^oniinetl ivithln narrow limits, im¬ 
perfect j for, wrhen once the relative proportions of gas and air have 
lieea properly adjustcii, no irate of nnhumt gas escapes from the 
HUrfacT. fift]reo% ei', the tenifeature at the Jiurface of the diuphragtn 
tan W instantly varied at oill by nlteruig the rate of feeding of ihe 
gaseous niisturv; there is no lag in the temperature response—a cir- 
r-umstance of great importance in operations where a fine regulation 
»)f bejit is iTNiuired. The temperature of a diaphragm working on 
a mixture of coahgas and oir, at a given rate of feeding, depends 
i«i whether cff not the intense rndiation from its surface is impeded; 
w^ith a freely radialtfig surface, the temperature of a properly made 
diaphmgiii maj' lie inalntaincd at any point Up to about 850* C, (say 
l.doO'’ according to the rate of supply of combustible mixture. 
A curious fuiitiire of the disphragm is the freeiloirt from back-firing 
at this or lower tempcratiice. Eveu when an exjilosive gtiacous mix¬ 
ture is passed throiigh the i>orous w all at a velocity very much smaller 
thflii the iioriiiid siwcd of back-firing of the mixttm*. no explosion 
backward will occur. Such a iiiain diaphragm may be placetl at any 
desired angle between the horizontal and vertical planes. 

The diaphragm method is applicnhle to a varietv i*f combu-jtible 
gases. Coal or coke oven gas tcitlicr imdihited, ur mixed with water 
gas), imtutai gas, gasolene-air gns, carhurett^ water gas, are all 
wdl suited in cases whclv iininipedcd rmliatiDn ia retiuircd. I have 
recenlly found coraprcEsed Ji<]ucficd g.«ia (Bhiu gas) to give sotiEfac- 
tory results. Albo, Prof. Bone has constructed and successiFallv 
nperuted plane diaphragms of nil sizes up to 1 aijuare feet in are^, 
and is able to vouch ft-om experiuuce that their durabilitv and radi¬ 
ant power nrti unimpaired, oven after loug-contimied use,’ 

IN'CANU«« F.M »; SOT OEPEXbKST OX KSTaUNAl. ATMi^P HTpv- 

further important point with regard to diaphragm-heating is. 
that the incandescence of the surface in no way depends upon the 
external atmosphere. When once the diaphragm has liecome incan¬ 
descent, and the proportions of air and gas oUppUed in the mixing- 
chamber at the back have been properly ad/itstetl, the sarface will 
maintain its incandescence unimpaired even in an atmosphere of 
carbon dioxide, nitrogen, or steam. 

AFPUlCATIONa or PtArilBAOU-MUATINC. 

i need hardly point out the many obvious purposei> to which *' dia- 
phragm-henting" may be applied. Broiling, ronsting, toa.«ting. are 
at once suggeatesl; others will doubtless occur to you-^-uch effi cient 
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merits of attaining mdiant heat can hardly fail to find iie^r b^dti^r 
Irinl u^, Tlio evaporatioii and cciiicfintration of Ucjuicb by mean^ 
of radianL energy emitied frtyjn a diaphragm in a hori^antal 

plane above the surface of the liquid is readily carricfi oiit^ 

Por example* the evaponition of a solution of $o<liinnci ailtcate 
(water-giassi) ia on operating which could not be satisfactorily per- 
formetl by the ordinary means of hunting the vessel by flame from 
l^Iow* By the new method* however^ only the topino^ft Ibvgts uf thw 
liquid are heated; the radiant energy of the diaphragm is iiufUntly 
trai^iuitted to the surface of the lic^uid^ where it is absorbed and 
utilized for the evaporation. The sodium Eiliatto separates out as a 
?skin on the surface of the liquid, it is then dried by the radiant heat* 
and ut intiTvais the crust of dry sodium silica to may be skimnicii uth 
fn this way, we are not only able to evaporate the solution a 
great economy of heat^ but wc are also able to complete the ev'apora- 
tion of Jughly concentrated solution much more eaaiiv tlian bv means 
of heat applied from below* 

nr, [NOAMlHsrriXT m-BFACE CX)SlBU3"riOX tX a UK1» of U1s:FI4AC- 
TOUT C:K,\NCtJVn ^UTEnlAT^ 


Fhis process ja applicable m all tduds of gaseous or va[>onzed 
fuelflj and to a great variety of both small and large scale iiidnatrinl 
hoatuig purpose It consists es^utially in injecting through a suit¬ 
able orifice, Mt a speed greater than the velocity of hack firing, an 
explosive mixture of gas (or vapor) and air, in their combining pro¬ 
portions, into ti bed nf incandeseent granular refractory material 
which 15 disposed around or in proximity to the body to be heated. 

Figure 1 shows the proce^ as applied to the crucible fumaw. The 
crucible is Eiirrounded by a bed of highly refractory granular ma- 
torial. The mixture of gas and air is tniectod nt a high velocity 
through a narrow orifice in the base of the fsimace, and as it im- 
pingea upon the incandescent bed, combust ion is instontaneously com- 
plcUd without flame. 


The scat of this fiameleiss combustion is in ihe lowest pan of the 
bed; and the burnt ga^s, rising through the upper layers* rapidly 
impart their heat to the bed, mftintaining in it a high degree of iti- 
t ^clcfice^e. Figure 2 shows a similar arrangement for the healing 
natkm f^irnace, an arrangement which needs no further expb- 

f^* “ adaptable to luanj- oUw funiM* 

nncea, anrt’ih* lik sample, tlie hating of retorts, annealing fur- 

mMjr be equ.Uv the resel or el^jber to be heated; it 

s-tim-e lo be heated 'Hi! w tlie Ube, i rnversing the suh- 

rh.*, latter modification h important i* relation 
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to ths mtltiog' of or ullojs wlijdi Aro ftiKibb at lempernturfeR 

below about GOO*^ relation to steam raising in niulti- 

tiibular boilers. By this proc¬ 
ess, mmh hlgber temperatures 
aie attainable with a given gas 
than by tbe ordinary methods 
of flame combustion without u 
rt'generativc system- In fact, 
we have found that with any 
gas of faigli ealorilic intensity 
(such os coal gas, water gas, or 
natural gHs)f the up|>er practic¬ 
able tem]iernturc limit is deter¬ 
mined by the refractoriness of 
the material compo^ug the 
chamber (L e- the muffle or cru¬ 
cible) to be beatetU rather than 
by the possibilities of tbe com- 
biLstion itself. In a crudble 
fired by coal gas on Hi is a^'stem 
wc have readily melted Segcr 
ctme Xo, 39, which, according to the latest determination of the 
Beichsanstalt in Berlin, melts at LAW C\ We can also easily melt 

platinum, ahowing the 
possibilities of the 
method in regard to high 
tcmpemt liras xvith 
lined furnaces, irslng air 
preheated to 500* C. with 
coal gns. a tempemiun^ 
e:stimiited nt soiucwhat 
over *2*000* C, has Wn 
attained, A very resis^t- 
ant chromite, not melting 
nt 1380“ a, was fused in 
this wsy. Crucibles of 
nlnndum are fiiseil with¬ 
out preheating the air. 

For the ver3' high tem- 
iwmturea obtained with 
coal gas, water gas, or 
natural gas^ Prof. Bone 
employe a bed com[io^l 
either of fnigmentt^ of magnesia* which has been burned »t n high 
temperature* or of n neutral and highly refmctoiy material Epedallj 


puk a.^tfuACB muM-jmsox ArnjM» fo a kdttlk 
rcnr^cs- 



























646 AJfXl-AL REPOBT BMrTHSOXLiX tN'STtTUTTOSj, 1D1.1. 

for this piirjHjge, V\'licii thr tenipei'atiU'L* rtH[LiimI Jows not 
eXL-wd 1,300' C., tho IxhJ of rofractorv mntcriul may Iw com[>cis»d of n 
good qnality of firo brick, cnisbed iind encshcd to h suitable stao. Aj* 
already remarked, tlic met hod is applicnblo to all kinds of gaseous 
and vaporous fuels, but naturallj the ninxinjum tempemture obtain* 
able in iiuy given ease tHH ciepend upon the volume and heat enpgeity 
of the prudueis for a given beat development in the bed. Thiuf, 
while with actual rual gas. water gas, or rintitral gas it is possible to 
attain tumperatitrea tip to at least g,0{)O“ C., about 1,600“ C. would 
pTobjibly be the jtmxiiniim temperature obtiiiuablc witliout regeiicrn- 
lion with producer gas of low caioritie intensity, Buch as Moud gas, 
VTitil some degree of bent rcetiperation. wbicb in such a case would 
bo (tii)te practicable, this limit f'oiild be m nil proliabilitv consider¬ 
ably exceeded. 

The following are the results of » test on n miitHe fiirtiacn in wbk-h 
the muffle was heated between 6l.a» and l.42ii" with fnllv aerated 
eoal gas. 
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Tlie coriditioiui under which the testa were carried mil jiiade pus- 
aibhj the accui^te detortnination of the rate of gas consumption requi- 
Site to mmntflitj the miilBe at any constant temperature between 

AllU 

The tcni^ratureu given in die Urst two columns arc those recorded 
bJ- a fitandard tliermojunction placed in die middle of the uiulBe. 
the tem^rntures of the escaping pnaiucts were uhio ascertalne<i hv 
meauii of u Htaudard ihermopmctlon. It will be observed that the 
emperoiure of the products is in every case some 300“ to 400* C 

temperature of 

1 , Ji!4 1.., there was no appearance of llsme whatever at the ton of 
the The gas consumptions r«cord«] In the mldtUe colLn 

.lame eontacl. Thus, for example, in a sindbr test ;idi a muffle 
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thp F^Aine sisie, heated by iianie coiitHOt in ji Xiinuict? of tiiodefu de- 
iiign. the ga$ conKuniptinn U* muinlfiin the mulilp at C. {the 

iiia^dniiini temperature obtaiiiflble) wfm lO.'i csubi^j feet per hour; 
whereas; by interpolntion in the ab^iAc table the consumption in (he 
aurlace-combiistion fiirnace at the ?iame teinperatnre would have 
been about 43 ciibb feet [jor hour only. 

tn a tost which I witucsj^c^l the consumption of gns by the Bone 
iiiufflo fiirtiflce wiis jufit one-half of that of a giHxl type of the ordi¬ 
nary mofflo fiirnA<^ of flimilar capacity, both l)eing maintaiiied for 
several hotirs nt l^tSOO^ C. 

IV. ^l EKACE GO^IHIIRTIOX xCS APPLIED TO STE.VM ILVI81NO IX 
ilELTITlTBULAR BOILER8. 

It is well known that hitherto the gas dring of steam boile?^ has 
nut hem very succCijaful, either in ihcrmal efBciency or in the rate of 
evu[>Driitioii. All the gases used in this country for raLsing steam, 
such fis blaBt-furiiace gas, the surplus gas from by-profiuct coke 
ovens, iifltuml gasj and prtKlncer gus of various compositbns, have 
been found nniGnahle to the surfaceH^ombiistion system. An eminent 
English blast-furnace engineer estimates that the efficiency of the 
Iwst type of water-tube boiler fired by blast-furnace gas does not 
exceed about SS per ceol. Pnif. Bone asserts that curefttl observa- 
tiomi« made on a battery fd I^ancashire boilers fired b_v biaBt-furfifu're 
gas, evaporating water previously softened to witliin I degrees of 
hardness with an attachment of the most approved type of econo- 
miners {so that the temperature of the burnt ga^es going to the chim¬ 
ney was reduced to the lowest possible point consistent with good 
<1raft)j proved Lbi;i,t the thermnJ efficiency did not, under the best of 
conditions exceed 00 [>er cent. For boilers fired by coke-oven gas one 
can safely my that tlie average thermfll eiBeiency does not exceed 65 
per cent, while in exceptional cases it may amount to j>erhapH TO 
per cent 

Figure 3 rwprcscnta a multitubiilar boiler of cylindrical section, 
operated by (la meless combitstion.^ It is ^ re versed horizontal] v 
by a series of steel tubes, each 3 feet only m length imd 3 iuchf;^ in 
internal diameter. These tubes are packed throughout with frag¬ 
ments of a suitable refracloty material^ mesiied to the proper i^izc. 
Into the front end of the tiibe^ whore tlie gaseous mixture is intro- 
duccfl, is fitted a fire-clay phig, througli which is boreil a circular hole 
at>out 0.75 indi in diameter. This plug serv^ the double purpose 
of keeping the front end of the boiler cool, and of providing a suit- 
jiblo aperture through whlrb the gaseous mixture may be introduced 
at a speed much higher than the point of back-firing. 

Attached to the front end of the boiler ii a mixiug-chambcr of 
special design, not diown in iletail in lUe figure. The mi\tijrti fed 
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into the boiler tubes from this chamber consists of the combustible 
gas, with a proportion of air slightly in e:tcess of that requited for 
complete combustion. The mixture is injected by ptessure, or dra^^n 
l*y suction, through the orifice in tli’ia fire-clay plug, upon the in- 
rand cscent material in the tubes. The combustion of the mixture in 
contact with the incandescent material is complete before it has 
trarer^d about 6 inches of the tube from the point of entry. The 
rcfflilt b that the core of the material at thia part of the tube is main¬ 
tained at a high temperature, although the areas of actual contact 
between the hotter material and ibe walls of the tube are so rapidlr 
cooled by Uie transinbsion of heal to the water in tlie boiler, that tlieV 
never attain a temperature even approaching red hent. 

The combustion having been completed, the remainder of the mate¬ 
rial acte as » baffle towards the buret gasea as they traverse the tubes 
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flt tt high veloeity. cntimtig 
them to impmgD repeat¬ 
edly on the walla uf the 
tubes. The mml rate jit 
which the gn^eo^ie raixttire 
ia fed into the boiler cor¬ 
responds to the hourly 
i^msiimptipn of about loS) 
cubic feet of coal gus pliuf 
SIX times ita volume of air 
for ^^yery tube of the 
boiler,^ or an eijiii relent 
volume {h e., etfuJTalent aa 
regards heating capacity) 
of any other gaseous mix¬ 
ture, Thus, for the ten- 
tube boiler on which the 
original experimenta were 
ttboct 1,000 cubic feet per 
of air. These Bgures indi- 
the mixture b caused to 
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ivBter heater, constructeci ou the same principle t^s the boiler. Dur¬ 
ing a test ntrrietl out in Leeds, in which steam was generate<1 at 
100 pounds aboTe atmospheric pressure, the temperature of the 
products leaving the boiler-tubes wag 330' C-—the actual boiliuc 
point of the water being ITO’ C. These products, still containing o 
certain amount of valuable beat, were passed through a fecd-waier 
heater, only 1 foot tong, containing nine tubes, of the same iliametcr 
as those in the Imiler, packed with granular material. The hot prod¬ 
ucts, cjontinually baffie*! in their passage through the tubes, readily 
imparted their heat to the cold feed-water surroundine them; and 
their lempcmture was thereby reduced to somewhat less than 103“ C. 

TUB rES-TTBE eXTCniMENfAt, BOlLEa, 

The connections to the front of thU boiler consisted essentially of a 
tube for the supply of gas, and another for the supply of air. The 
gas and the air were mixed before entering the feeding chamber 
attached to the front piste of the boiler; tlie gaseous mixture wns 
burned in the tubes of the boiler; and the prodticts passed outward at 
the other end into n small chamber, and thence into the fee<l-water 
boater. 

pie mixture of gas and air was passal into the feed chamber of 
this boiler at a pressure of 17.3 inches water gauge. This pressure 
was necessary in order to overcome the resistance of the packing of 
the tubes. The pressure of the products entering the lubes nf the 
feed-water heater was 3 inches water gauge, so that the presnire nec- 
esary to force the gas through the zone of combustion, and tliere- 
after through the remainder of the boiler tubes, was about 13 inchest, 
water gauge. In carrying out the test the water was evaporated at 
too pounds above ntmcsipberic pressure; the tempernture of the 
boiling water was therefore 168“ C,, or 337“ F. The temperature 
of the combustion products leaving the boiler tubes was S30“ C. The 
average temperature of the products leaving the feed-water heater 
was 95“ C. or 303“ F, The temperature of the water entering the 
feed-water heater was 6.5“ C., or 43* F., and it wob heated to 58* C, 
or 136.4“ F., before entering the boiler, entirely at die expense of the 
burnt gases. 

The ratio between the heat transmitted to the water and the net 
heat f)f combustion of the burnt gas in the boiler was 0.94; i. e„ over 
90 per cent of the beat generated was utilized. 

It is one of the prominent merits of the new* system that the gas 
is burned completely with a minimum excess of free oxygen. Dur¬ 
ing the test in question, the avemge proportion of carl»n dioxide 
in the combustion products was as much as lO.G per cent, while the 
oX 3 'gen was os low as 1.6 per cent. The most careful examination 
of the products failed to reveal the presence of the slightest trace of 
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i Arhun muuoxidt^T liyrlrrj*|^t‘ii. ny Therefist\% tho reiuftiiiiii-r 

ui the gas was simply tiitrogiiji. Even with as little m 0.5 per cent 
of MTgeo in the prfnlucts* the eonibiiation of the ffBS in the tubcf? 
perfect, not ]i trm'^ of conibii^ftihle gas escapinpr, 

Tiif; ftKiNiSYnkmie i t<i-Timn uoilkh toe rORE-nvKN uah. 

Unit ihe gas-firing af t>oUei^ iHXM^rdiiig to the nevv sj-Btem haiJ heen 
advELncikl beyond the mfirely experimental stuge proved by ihe 
rewnt enstion by the Skiniuygrove Iron Workts Co* (LtrL), ChiiUj^iJ^ 
^ orksliine^ of a llO^tube boiler capitble evaponiting not less tlin-ti 
5^500 pounds of water per hiiiir^ fin!d by gns ftom a new installLkticm 
of ook* ovens adjacent to the blast fnmace. Xa shown in j>liite 1. 
figure 1. this boiler is a eylindriral diiim 10 fc?et in ilinmeter, sind only 
4 feet from front to hack; it is trnvemxl by IlO tubes of 3 inch inter¬ 
nal diameter^ packed with fragments of fire brick. It is worked uuder 
the stiction of a fan* To the front is attached u device w'hereby gas 
id 2 intrhes w ater gauge pressure from u suitable f^ediiig clmmljor. 
together writh a propc*r propoilion of air from the outside atmetsphere 
is drawn (under the suction of the fan) through a siiort '^mixing 
t^ilw■ into each of the 110 tubes of the hoilcrt where it is burucil 
without ftame^ in coutact with the ioeimdKHi^ent granular mateiua]i. 
The products of comhustiDn. having traversed the 4 feet of packetl 
tiil^o* pass outward into u semidircular chamber at the back of the 
lioilcr^ and thence through a duct to the tubular feed-water heater, 
rt9rt^^^ted in plato I, figui-e 2. A faji uttached to the feed-water 
heater removes the coulcd prodney and disciiargesj them through a 
shoit duct Into the atmosphere outside the lioiier housiv 

In construction, nothing could l)e simpler or more compact thou a 
cyliOflrical shell only 4 feet long by 10 feet in dmiuetf^ri supported 
on^ a casting and requiring neither elaborate brickwork settiiig uor 
chimney» The I toiler bas the further structural advantage over all 
other niultitiihulur hoilerSi^ that the front plate can never Ik* heated 
Ijejond the temperature of the water, however much the firing may 
Ik? furred. This d^iimsiance, eaupled with the extremely short 
length of the iiiheh| implies an. alisence of strain and greatly rciJdcea 
tiio rl^ of leakj^ joints. Another feature of the la>iler which Eiinkes 
for efficiency is die steep “evaporation gradient"^ along the tubcti. 
I'Oder the nomial working conditions the ^mcau cvai^rationex- 
creds 20 potjiids per square friot of heating surface, or ^d>out tw'ice 
t at of a locomotive boiler* Of tlie Urtal evapi^rution no less than 
lO per rent ixxrurs over the first third of the tid>ea, 22 per rent over 
I p next tlurd, and about S per rent over the renminder* Such a 
1 ft eoEsideraijlc natural dreuation of the water 

tliemiAl ^ of great importance in good working, \s to 

tluTznal rfhn.,cy it re«acmahle to that a Jiler unit 
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suffutt, tmnsiriits upwiird df PO per cent of I he iic^ hi3at of 
TOiubuFiticin df the g^s to tlu- w^ter, and wliich-j if need be^ ean Ije 
forced to u .'lO per cent higher with only ft slight drop m 

efficiencyj will Miinii unriraled us n steam rsh^r. Moreover^ in tixv 
case of a large Ijoiler^ of ,say lOO £iit>es, “elfti^tirity iihiy lie rnnferred 
hv arranging the tuljcjj in groups, m that they may U? fired up or eom- 
jiletely shut off* gi'ouj> by group, fliirresjsively. in rorrespondenev with 
vurifttions in the lond. 

The Ski III oygrove Isoiter pi o veit Hlniost eoiiipletely aiitomatk 

m iu working, according to the statement of the iiianagor of this 
plant, who sny^*. ahio: ^' The Ijoilcr has iHien off for the inspectioa of 
the tiibc*^ whjiJi prove to }*e clean imd free from scale^ a faet which 
1 attribute lo highly iiapid ebuLUtion* During the length of time 
the l>oilcr has been at work we liMve had no trouble with priming, the 
steam having Ijeeu at all times perfectly dry. The average temts^fii- 
tuni of the waste gases leaving the plant has been from to C*, 
which iH ample proof of thr iKiiler's efficiency,’* 

Exiieriiuents to determine the value of this tyjie of i»team generator 
as ii ^vajste-heot boiler show inipini^'int economies. Work on iill'Hred 
boilers has also been carried otit with satisfactorj' results. 

y, TIItT ^tirtTIXO OF EASn.y Fl'smi-K >fETAL^ AXll alijdth. 

It will l)e readily understoCNl that tlie principle embodied in the 
boiler in caipable of gi^eat extensiort- Ttiiis, for example, it can be 
fipplied to (1) the preliminjiry concentration of dilute sotutlans and 
the heating of liquids generally: (2) the heating of large volumes of 
air: nnd (S) the melting of ca^iily fusible metals and alloys. 

I will liere refer briefly to sofueexperijiicijUi on the fusion of metob. 
Prof. Bone’s attention was fini drawn to this snbiect by exporta of 
one of the I^ondon gns coiiipanie*% who represeute<l llint there would 
lie a largo field of usefulness for ihe process in melting type ineLal for 
Urge newspapers^ which require for their rpachines n coniiouoiis emp- 
ply of molten type iiietaL Plate 1, figure 3* represonio an iron tank, 
efficienily lagged and lilleil to the top with molten lead at a tempera- 
lura of, aay^ above its melting point. In the molten hath is fixed 
ati iron Lnbet 2 or 3 feet, long and ^ inches in internal dionieter. The 
lube ifl packed (like one of the boiler tubes) with u suitable gi^annhir 
refractory niatorifll, and there are suitable arrangements for the in 
trotliictim of the explosive mixture of (ps and air which is to lie 
burned in the tube. When odce the device Ss started np, it can be 
worked continuously for days together. Solid lead is <mnliaiJoiisly 
fed into the apparatiiSi iiml the molten metal is allowed to run over 
rhrongh the spout indicated in the diagraui. ExpiunMicntpi have been 
^-arried out with tanka holding up to 8 tons or more of molten nietnl. 
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Lq wliith A series of eombiiation tubes are Jiaed. iJy uiiMiiis of such 
RD spparutus, leud (or other fumble me lab or ulloys) luuy be melted 
not only verj’ rapidly, but with extraonlinury efficiency. The follow^ 
ing b the result of a test carried out at the experimentnl station with 
a single-tube apparatus: 
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The conditions were so arranged that the mean teniperatuio of llic 
luoUen metal in the apparatus was 372® C. tUronglio'itt the test. I^ead 
ingots, each weighing about 30 pountb, were added at intervals uf 
1.5 minutea, and the molten metal displaced was simuUnneously run 
oIf into molde. Great care was taken to keep the bath thoroughly 
molten, and at a temperature within a few degrees of the mean 
value. Burning gas nf net.nalorific ^-aiue of 559 British thermal 
units per cubic foot, at the rate of 100 cubic feet per hour, it was 
found possible to raise tlio tempemtiire of l.lTft pounds of lead per 
hour from 15“ to 372“ C.; the temperature of tlie products of combus' 
tion leaving the tube being constant at 500“ t.'., or only 128® above 
the tempemture of the molten metal Using the latest detenuination 
by Spring of the specific heat of lead at temperatures up to and 
nbovo its melting point, and adopting the iwtially accepted value for 
the latent heat of fusion of lead, Prof. Bone estimates that at least 70 
per cent of the heat developed was utilized. My observations of 
this type of heating apparatus, in comparbon with extemaUi' heated 
melting pots, show a great difference in fuel consumption in favor of 
internal heating. 

Sfany other appli^tions of fiameless combustion sre undergoing 
exhuu^ive inve.«tigatton by Prof, Bone and hU able colleagtie, C. D. 
McCoiirt, and in the near future we timy look for further interesting 
dcvclopmenita within the many departments of the fieltl of combus¬ 
tion without flame. 
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Thu problem uf maintfiiivijig u deair and unpolluted nUnospbero 
irt one whieh grows with our modern civilisation and for the most 
part as a direct result of it. 

There arCp to" be eure, m^tural phenomena^ such as fog and ex- 
ha latioius from decaying vegetation^ with which we have to contend 
in c'ertflin institnrt^ but by far the moat serious sources of air pollu- 
tloii nne man made. 

When coal nmoke first came to public notice as the result of the 
growing use of this fuel, it was looked upon ns a distinct and seri¬ 
ous menace to the cornmunity, and the feeling had grown so strong 
in England that we hud in the time of Queen Elizabeth a lavr vros 
enacted absolutely prohibiting the burning of coal in London dur¬ 
ing the se^loiu? of ParUament, Sinee then the peitdulntu of public 
opinion seems, as usuah to have swung to its greatest olongatton in 
the oppe^te direction^ but la now' ou its return journey^ whicli, let 
m hope^. will be to a position of rational equilibrium where limitation 
of the smoke evil to the lowest economically practicable i>oint will 
be rigirlly insisteil upon wilhoui either apathy or hysteria- 

FHOll OUDI^^ARY f Y:>3iXHl SSTlOX^ 

Although the black smoke resulting from the incomplete comfaiiir' 
tion of coa! or oil fuel is not the only artideial offeDderi it Is un¬ 
doubtedly the most familiar and perhaps the most important. Tlie 
rational remedy for the greater part of it is undoubtedly to be 
found in improved cond.itions of combustion guaranteeing complete 
oxidatiDn of these particles of carbon and oily matters within the 
fire itself, thus eventually diBcharging them from the chimney as in¬ 
visible carbon dioxide and water vapor. 

This can almost In variably be accomplished if one is willing to 
make the necessarj' expenditure for equipment and attention to oper¬ 
ation.^ This means ample and well-constructed combiL^ition diam- 

It?, a. Barvery nEi1l«til3 S&4. "Tb* Smotfr mi Eolli-r A 

rrtUEnliMrr a#TS*rt “ bj a T. tuivd^u. F^nwed hy SL B. FIiw u U- a. Barftu SUBf^ 
UulhrtlQ Al» n. &. SarfeT SiUlcUa Sta. « 'Tb* Unoa^tw CmbnitirOdi of 
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often with the msuillniioti of uitioliameaUy operatecl stokers, 
furnaces and boilers of sufficient capawrity to avoid overerowdme 
even flt peak Wds, and, above all. a onltT nf intelligence in 
sup^irvision of the opemtioui* 

Ttl thf? niJitler of city ordiiiB.iin.*^i ^ thtre is tt U'udtiiLy to la} 

ull tho on the |■egulfltkl'n of e Sitting pi uni** qterlooki^ or 

undcrestiiiiflliiig lUe fact that miu-li of the trouble comes from iimde- 
«]uute or faulty equijmicnt in the lirst place. It hes licca very sig¬ 
nificant in certain industrial centens to note how some of tJie older 
works for n long time opposed jnunicipal regulation ba impracticable 
blit later were fotiiid to he its stmincb ailvocntea. Investigation 
showed in most cases that their urigiiinl ftirnac* equipment had m 
ihe meantime! worn ont or become inadequate, and they had thus 
been forced bv Viusiness considerations tft replace thlfe liy new, iip-to- 
date constrnctioo in the design of which the smoke problem was 
given due weight, olul under these cifcumstmices they no Ioq^t 
found it iinpmcticablB or even difficult to npemte in conformity with 
reasonable smoke orJiniincei. The lesson tliot this teaches is the uii- 
portaiire of at least some degree of municipal control not only oyer 
the operation of existing plants, but also oyer the construction 
of new ones. There is the same reason for a city to pass upon the 
adequacy from a sanitnrv .Hlandpoint of a proposed new power or 
heating*pl'ui* "‘thin its limits as there is for its similar control 
of the fire protoction and plumbing of a new office luiilding. The 
regulation of existing sources of enioke always scemE, of course, of 
more iuimediatr importance, Imt for the future, the control nf new- 
construction will undoubtedly prove the determining influence. 

Under the conditions of our prcs'nt-day life and industry, the 
question arises in each instance- ■' VThat will be ihe cost and is it 
worth while?" Nor is it meant by this to specially indict the indus- 
tfial sonrees of smoke. On the contrary', othei- things being equal, 
the indiiddual householder is n far more difficult elemcut to deal 
with thnti the large manufacturing plant. Compare, for example, 
Pittsburgh and Philadelphia, li^'e are wont perhaps to think of 
Pittsburgh as the typical smoky city and as almost hopeless m this 
regard, vet to-day to the student of those matteiWi the cleaning up 
of Rmoke in Pittsburgh appears an easier and more practical ta.sk 
than the like service for Philadelphia, for in Pittsburg the practi- 
oallv univeraal use of natural gas in the home has left the smoke 
problem centered simply about the larger industrial of fueL 
These, from their smaller number and greater mdividuol importance, 
it is practicable to regulate by trained supemsion and control, hut 
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In tin? cuipf? nf f hi- mdi^idtiiil hnu^hpider^ ji jdmilnr pruastlui-e iippf?ar£» 
wU-nigli hop^^lesfc. 

Tht most prombipg Sfoitidop for ch^ household OToke probkni 
uppefirs to lit? in the*iisQ (enfon^ if neressary) of essentially non- 
smoking fiipls, New York City^ with its mumcxpal hard-eoal tegu- 
lotioii* and Pittsburgh, with its nnturst-gos supply, are good ex- 
iim]>lL?s of what tuny l>o ammipltshe<l in this direction. In the case 
of cities less favorably sitiiuted as regards such natuml resources we 
mn^ probably look to the by-products coke oven and other fonnsof 
gus producer Uy separate for m the didicultly manugenble coals 
into permanent gai?eoiia und solid prcnJlUt ^4 botli of whirh are 
thiHy ford p™>f [MS far as smoke making is concerned; even Avhen 
I^Jiicetl in the bands uf the iintraiiied public. It is interesting here 
to note tJiat over half » century ago Sir WilUam Siemens predicted 
from economic considerEitions that tlie time would come when all 
soft coal would flrs^t be coked and gasified before use. While this 
development in our subseiiuent fuel tocbiuque may have been slow 
iintl raiuified into many forms not »t once recogTii2ahIe. the principle's 
Siemens had befoj'e him have certainly underlahi ii great part of the 
progress made since hh tmiCj and with tbe widespread interest now 
being tnanifr^cd in improved met hods of combustion tlim line of 
attack bids fair to take a positioci of cTer-mcreasing prominence. 

Another ini|wrtfltit type of centralisted smoke control which has not 
yet Iwcn developed to its full possibilities is that of tho central steam- 
bating plant. A very st^rlotis odender as regards smoke in many 
cities b* the moderate-sized »jeeam-heaiing plant, such ns is found 
in flpartmenl hoiLBC^ and Hiualler ofRrti- buildings. The nntnber of 
ihese and the nmounl of .^oke which each can produce under carc' 
ha^ndbng make them a serious item and far more difficult to 
supervise and control tlian if consolidated into larger groups with 
u single furnace plant for each group. Steam distribution with its 
attendant coudensechwater return meets, of counse, with sharper 
limitations than that of either gas or electricity, but oven from the 
oeonomic standpoint, ndde from the smoke question, it deserves more 
seiiouis consideration ilian it has yet had in mitnicipoJ cngLuecrUig. 

Tho ever-widejung applicatio^ia of electricity, specially in power 
itiid heating, arc also doing much to solve the smoke problem. Eien 
where the electricity ho? lirst to be generated fi-om coal-, a tremendous 
advantage is gained by the centralization of furnaces in a few” large 
plants whero the highest type of technical skill cam be ccononucally 
devoted to securing perfect combustiom 

The small isolated steam-power plant i^ rapidly dioappearing and 
giving way to the electric motor, primarily for eeon.oiuic reasoEjs, 


656 ANUrAl* HEPOBT SMITHSON J AS JSSTHL'HOS, 1P13. 


Ijiit iucidentallT eacb such sufastitutlDii betps to so1t« the smoke 
problem. 

Another Important factor is the electrlfijcation of railway itnni- 
mib;. In Pittsburgh, fur example, it is estimated that about one-third 
of the total smoke now comes from locomotires. In Chicago tlie 
proportion is perhaps even higher, and this element of tlie problem 
has been so forcibly resisted that the 28 railroads entering that city 
are miw contributing over $120,000 annually toward an investigation 
conducted by the committee on smoke abatement and electrification 
of the Chicago Association of Commerce to determine the practica¬ 
bility of general electrification of the lines nrithin the city in order to 
dim mate this portion of Chicago's smoke nuisance- This probably 
represents one of the mtist comprehensive engineering studies ever 
undertaken along such lines, and is an inspiring Illustration of 
what may bo accomplished by intelligently directed public interest, 
tVith the growing strength of pubUo opinioii on these matters on the 
one side and the rapid improvement of electrle traction techni()ue 
on the other, it is perhaps not too mudi to hope that another decade 
wiU see locomotive smoke piactically eliminated from our larger 
cities. 

To briefly sutu it all up, the coal^mioke problem has gi-own to its 
most aggravated form from the centralizing tendencies of our civili¬ 
zation, i. e., Uie concentration of life and Industry in large cities, and 
its solution hon already begun and niuift for the most part be worked 
out throti^ still fuller developments of this same centi'alixlng 
tendency by which the direct use of fuels from which it is cosily pos¬ 
sible to produce smoke will be entirely taken out of the Uuiids of the 
individual and small operatur and centralized in a relatively few 
large establishments o|)erating economically under rigid sntoke con¬ 
trol, which in turn will supply the small consumer with heat and 
motive power in aticH forms as gas, coke, steam, and electricity. The 
key to such a solution is obviously well-directed, intelligent coopera¬ 
tion between municipal authority, private capital, and the individual 
citizen. 

The above covers, of coiir», only the smoKe due to imperfect com¬ 
bustion of fuel, aside from which are many instances of smoke, fumes, 
and dust arising from various indnstrial processes which can not he 
merely “burnt up” into harmless, invisible gases simply by better 
combustion. 

There are, on the one hand, certain true gases, most of them quite 
invisible but idilt harmful to animal and plant life and sometimes 
even to the very buildings of stone and iron; and, on the other hand. 

visible douds of dust or fumes as can be seen arising from chem- 
iral and metallurgical works, cement mills, plaster factories, and the 
like. 
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SMOKB AKD OUST ABATEMENT—COTTBEl*I„ 

THE BITLPKUR PROBLEM OF TUB SSIET.TERB,* 

file ti'eittiiieiit jand roaioval of tlio really gaseoujj coustitnents of 
tliese traflc wasiei» becomo such a special pniblem of chcititcnl eii- 
gineeiirig in uadi case that it can Itardly be iliisciissed to advantage 
iti Ule general survey here attcmpteiL There U, however, otiu ease 
whkli from ite magnitude deserves at least passing comment, viz. 
the sulphur dioxide gases discharged from sineUeni operaling on the 
sulphide ores of lead, adne, and copper, of which the latter, owing to 
tlieir greater tonnage and Jiigher sulphur content, present the most 
serious problem. No method has yet been devised which solvit this 
fi oui a praclicftl and economic standpoint for all plants of this char* 
a.'ter. Tiie must getiuraUy applicable mctiiod thus far cmployeii lias 
been tlie nauiufacture of sulphuric acid. The two chief limits to its 
rommercial applicability in many cases are (1) Uie lack of a Itwal 
ijiai ket for the acid, coupled with the dilBculty and expense of its 
trensportation to great distances: (2) the great dilution of the sul¬ 
phur dioxide with air and other gases in most smelters. 

The greatest single use for sulphuric acid to-day is in the iimnu- 
facturc of pJiosphate fertilirer. The proximity of phosphate rock on 
the one h.ind, and of a market for Uie finished superphosphate fci-. 
tilizcr on the other, are usually determining conditions in thU matter. 

I erJiaps the best example of n smelter favorably located in this rc- 
pird is the Tenne^e Copper Co., which has recently installed the 
largest sulphuric-acid plant in tho world. It was iJriven to tlus, 
much against its will, by fume litigation, hut is now making luofr 
from Its acnl than from its copper output. .U stateil, however, its 
Iwatiou for sudi Ipiismuss waa ideal, with the pliesphate deposits of 
ruiinum-e and Nnith Carolina as raw material, and the great soutJi- 
eru cutloji ^ market for the finished product at its door. It 

When it is coiLddered that there nre many smeltere in the cmintrv 
of them in tlie \V est, each of which bnms off daily frem 950 to 
,000 tons of sulphur from its ores into the atmosphere, and that each 
ton of Bulpiiur will make three tons of concentrated sidphnric acid 
and SIX of superphosphate fertilizer, the mdiistrial problem of it^ 
dL&pc^Uiou cm be better appr^ktei;]. 

The cost of smelting in most of the large copper plants of to-dav 
ranges from, say, $1.95 to $2 per ton of ore, depending chiefly on 
cost of labor, fuel, and power, and as a relatively small pur cent of 
this often represents the difference between nmning ct u profit or al a 

■ The fDlIqurlEV finlr Of thi- pifcMSttm fttbatltuifiitji n» Ufepft, with ailtfht 
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i<m, it will 1>« rejidily understood tliat not mmy cents [jer ton of ore 
smelted enn bo added for special funia treatment unless the produet 
so recovered can l)o made to p^j part of this cost- 

Xor* aside from the cost, would it be euEy even to throw away sucli 
ail am 01 int of acid without doing damage? to Ihe surrounding country 
liy lU getting into the drainage. Ttie total pitKluctiOtt of sulphiiric 
acid in the United States at present is ai>nut 2.^;000 tons [>er year, 
of whidi probably over half goes into fcrtilisfier inaniifactiare^ the 
most important other coTisnnicrs being tlie expicteive fiictorie!<* oil 
refiiierie.s* themed mills, and misrelUitieons heavy chemical factories. 
Over half of the total a mg tint of arid is manufactured from the 
siiiplmr of pyritfe* imported into this country chiefly from Spuin, 
The low water freight from there to our eastern and isantlieru ,seu- 
tioiird, where hotli the mw pln^hato and the fertiliser tusrket^ 
aln^ad}^ exists makes this chea[>er than to manufacture the aeid from 
wRHie giiites of our western smeltem and then pay fieighl on the 
finished product. 

The discovery in Idaho and Alordana. withm the hi^l few yeiii’^^ of 
what arc probably the nicest extensive phosphiite-rock lieds yet found 
the world over.* is likely to have a very important bearing on ihc 
problem in the fntiire; but even the fi^ngbt rates on the Gnbhed 
fertilizer to the southerri and ea^rn markets are still practically 
prohibitive* and the demand for fertilizer on our virgin soils of the 
We^it Is developing verj^ dowly. X few daV-s^ output of the sulphur 
from a single one of our large western smelters wtmltl supply sufK* 
eienl acid for the present yearly fertilizer lieniLiiids of the whole 
rueitic €04ist. However* the consumption of fertiliiser in the West 
has iiKU^ than tripled in the past five years, and eventiifilly tliis will 
undoubtedly come to be a factor in the case. 

Beside the manufactiire of sulphuric acid there lire a few' uses for 
Hulphur dioxide its^elf. the largest <^onsnmption being in the wfiod 
pulp imd paper imhisti’T, Tivhere it is used as [n diaidtcgrating and 
bleaching agent* It is also used as a disinfectant and preaeriative, 
and, to u sniall extent^ in refiigenitiug macliinery, Imt the tominge 
represented by the latter application U cotnparfltivelj Miuall uud 
Joes not seem to pruinihc great enlargement f slill these \i±^ should 
not he ovrrlookotl as possibilities of di^[>c^l of |iai1 of the malerial 
to he handlinL In the case of I lie wtaxl-pulp iiidiiiitiyT wo are tigain 
met by a mw complication. The ripent liriuors from ilits^e mills linve 
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pruved tteui'ly. if nut Quito, bard to get riU of. iiiut as objiictioDAble 
to tlie uoigbbora. the smelter fumes tbemselves; and many suits 
have been brought against tlio plants for polbitton of streams and 
iptber nuiikiiiecs tliic to these liquors. So, after all, tbU would simply 
mciiu displiieing a uuisauce from one industry by extending that 
from nnotber, although in the end it may prove merely a step in 
tlie stdving of both problems. 

As alit'ady stated, nuiny propoeMik have l>een made to i<lniplv dis¬ 
solve and wash Awa 3 ‘ the gas in solution, but, while in the pure state it 
is fiiirl}' soluble in cold water, its dilution in average smelter gases 
and tlie high tempemture 4 if the latter make this mode of colletdioti 
very difficult on the large st^ale and even if carried out it would leave 
a veritable ocean of dilute aetd liquors which might evsiiy prove more 
dangerous to the surrounding countn.' and harder to get rid of than 
the origitial gases. Tlie neutralization of this liquor w ith lime has 
been suggested and, in fart, this proeediiro actually obtains at the 
Ashio smelter in Japan,* where speetally favorable conditions swiu 
to exist, hut, as the w'eiglit of lime required iti same of otir smelters 
would be over half that of the ore, this, too, Ls only opplicithle in 
verv special cnsesi. 

Another ingeuioi4s sugge,>tjuu bus Ijcen to iiioisteii the tinelv ground 
from the auelter itself, and use the metallic ba^ therein t on- 
tainecl as chemical absorbents for tlie gas, at the same time uulucking 
and ii^vering in solution such tpf the valuable uietals as this slag still 
contuliis.' Up to the present, however, tills metliwl hus not proved 
oomnKUtmlly sucreifsful, on account of the slowueKs of the renctinn. 
but its fiindamentai idea of ctuiihining the two great waste pmliicLs 
from I he r-iiieltcr for the purpose tif further mutual lieneiieiatioii of 
both is wrtuinly an atlractive one. jUtliough it does not appear as 
necessarily liopelea.c, the difficiiUies and uticertaindes in the way of its 
practical application are atill certuialy very great, 

Lsisi but not least is the jinssiblc aUemative of reducing tha sulphur 
ilioxide buck to sulitl sulplitir, or, better still, so smelting the on* in 
the fii>i place that as much of tlie sulphur as jiossihle is given olT and 
coIlerte<l a^ such insteail of Iwing burnt to ils guscon;: oxide sis at 
pr«5ciit. lioth of these iiielliods for olitaining tin* sulphur in | he free 
state are now attracting the serious attention of metaliurgists. 

Tlie earliest experiment, both in the laboratory and on u practical 
«‘ule. dat es back many years,' l>ut micntly tlw subject him again come 
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proiniuently to publics dtttsntion throii^li exptrimerits on n faiirly 
large scale now being ctjwdticted in the western siiittltcrH, lustli on the 
“Thiogen piweesj'’ tJevolopc^d Iiy Prol S. W, Young, of Staufortl 
CJnivcrsityT atkI thu prcjccss."'* din* to A, i lit 11 . Tlio out 

come of the pnictie&l iiLstallntioiyi nnd ti'^Ls iitnier way tire hoi tig 
awaited witli much interest* 

Even if these methods prove siicec^ful at Mime pnrtjciilnr planlsr, 
we must not jump at thu etTiiclusion tlnit the smelter-fume problein 
in general is forthwith solvudj for except whei'c a ready market can 
l>e fcund for the sulphur produced* the exti a ciii^ of the oil or otVier 
fuel required w^ould be a serious cousiderntioii. By far tlie greutev 
pail of the worlds pixaluction nf siilphur ut present intcj sub 
phuriu-aeid mamifartiijx*t m it is ovidenl thin hrings Iniuk oulx^ 
more to the (jue.^ion of a market for that suljstanre or the disi'uveiy 
of new rise& for sulphur itself. Since biilplmrf however^ weighs only 
one-third as tnuch os tlie sulphunc itcid wliicli can be made from it 
11 nd iH nil ineH solid instead of a corrosive iiqitid* the cx»nversion of 
the gas to this form at the smc-ller may aid in the trim sportstion 
probkiUi even if it is reburned and manufactured into sulphuric arid 
at its destination. 

There is alw the elniucw of uiodifying priwent hmetLing pnictlue 
Utfelf thatT with the exjMmilittire of little or no extra fueh part of tlie 
*iulpluir now being burnt up in the furnaces vvould be distilletl off 
and collected in the imbumi form. Some of the modern develop¬ 
ments in iitneUiug practice during the la&^t few yeai^ serm to poinl 
s-f rofigly in this direction, although hero again the [>o^ihIe improve- 
ment^ are probably limited certain brandies nr departments only 
of tlie work, and part of tile ^phur would have .^ttll to be taken care 
of by such other methods ns already mentioned* 

To sum up: The smelter-fume problem as a whole is it*ally imide up 
of so many dfatinct elements, including character and quantity of 
ore and fuel supply, processes employed, location of worfe, transpor¬ 
tation facilities^ available markets for prcjduvt&j etc,, that we can not 
expect to find any one general solution of the difficulty; but St is 
uucoimagtug to observe from howr timtiy dilferunt stftndi>i>intH the 
question h being seriously attacked by prarticiil meuj and from the 
&um total of the ditferent improvements applied^ and divert outluh^ 
for by-products being found, we may with fair confidence look to 
^eady if not rapid improvement in the general situation. 
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SMOKK AND DLST AlLVTE.MKNT—CurJliEJ.J,* (iGl 

THE KEHOVAL OF INCUHBl-'i^rJHLE i^OLim AN1> 

The rt'inovfll of thi* sitspvntlvd pAi'dcIcT' of Kolidis or liquidi- which 
make lip the visible vlotuis of dust lUid fume maj tie cotiaidored n 
jHirel? mccbnnicftl prohloui, no itintter how fine these partktes are, 
tmd as such presents interesting genernl features easily undet^doiMl 
without recourse to highly technical considerations, 

Tlie i-liief meth<Hls einployed for removing siicli dust and fume 
from gaiieH may la* classed under the lietids of washing. Altering. 
< entrifuging, and electrk-a] prci'lpitntion. 

WAfUllNO MirrHOOK. 

^\'here washing Ls etnployed it is usually acconi]ilished either by a 
system of line spray,>} of water or by huhblLtig the gases through 
water or by rhitniing them up with water in various Forms of ngita* 
tors, or by a combination of these. For relatively small volumes of 
gases hadng a distinct commercial value—e. g., in the cleanmg of 
fuel gas for iloinestic use or the scrubbing of iron blast-fumuce gas 
preparatory to use in gas engines—the# methods have become well 
csinbluthed. but the thoroughness of the scrubbing required with tlie 
consequent amoimt of power cunsumed, together with the fact that, 
wiiere the gases contain acid constituents, vei-y corrosii'® liquors are 
generated requiring difhenU and expensive acid-proof construction 
of the iippiinitus, has thus far set rather sharp limitations to the 
general extension of this method- A vast number of schemes based on 
ihese methods have been proposed and many intents have been taken 
out, but few who have not, nctunlly worked with such methods on a 
really large scale seem to realize the great difliculty they present from 
the prectical ami economic point of view when it comes to dealing 
with very larpt? gas volumes, 

t'jr.TRATION llETlIOntl. 

The Cltrution of giuftsi through fabrics, usually in the form of bags, 
lias found a somewbnt wider ap|dicatlnn to lorgc scale work/ not a Id v 
in the zinc anil lead imlnslry. The bag houBC has the advantage over 
11 washing system in that the mnicrial is collected in a dry state and 
for equal volumes of gas trealeil the expense of iiistniliition and main¬ 
tenance is gcnemlly far loss than for water ocnibbiug. The chief 
limitations of the hag house Imvc oHseu from the impracticability 
up to tlic present of aecuriiig a suitable fabric wdiich would continti- 
ously wjtlistantl high temperntures, acids, and other corrosive agents 
ill the gases. Cotton hags are very satisfactor}* for moderately cool 
gases frre from acids, such as met with in xinc-oxhle manufacture. 
Wool bags, though more expensive, will withstand a somewhat 
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higher content of aciife arnl VLt^ mueli used in lead smelting and in 
some copper smelters, but even dieir limit is soon readied? UJtd in 
the majority of copper-smelting plants tbeir nsc hasljoen considered 
impractical unless the gnses are fin=?t neutralized by ndditions of bnaic 
nxidest us those of ralciiiDi or zinc. Tito rK-istiince to the 

passage of the g^s through the fohrio, cspedally sifter tJie solids 
Ijegin to collect in the jiuref$, b also a serbiia item in large icale 
operatimu as the fan power required to maintain tlic ilmft is often 
very large. 

The use of fine wire screen and of osbej^tos in place of cotton or 
woolen fabrics lia^^ fictm repeatedly suggested smd exton&ivo cx|>eri- 
ments have been tiiado with such toJiterialB nt different pJants. hut 
they have not proved geneitilly serviceable, due chiefly to their high 
cost and the dogging of tlie pores, rapid corrosion of lire wire wiien 
fine enough tu liiier effm^tively, and the tendency of nsliestoa in he- 
iKiine brittle in highly add nUncj^phere& 

Besides the bag filteriv much less has lieeii made of chambers or 
towers filled with coke, gj-nvel, Simd;, sawdust, slag wool, wnd oven 
oslie^ios fiber* hut far large volumes of gases, especially when they 
carry a comiderable Aveight of solidH, such filter structures if made 
liglit enough to hvi effective!^ introduce an cnormoiL-^ i*esistance and 
i^naiinie a correaponiUng aintiiint of jjower. to say nothing of the 
labor of cleaning, so that (heir iiructical use may Ihj considered 
Confined to rather special rnses itnd ndnlivoly smrdl gas vohiinfy?. 

rii.vsintiHs am> uiffIjES- 


£ven the iiitcr[K)s1tion of laige fiues or chambers it) the cour^ of 
the gases on ihcir way to the stack by temporarily decreasing their 
velocity greatly aids in settling stt^pcinjed mutters and form a part of 
almost every metallurgical flue system. If hafRe^ in the form of platea 
or wires art hung in the-se chambers^ their efficiency as? dust settlers 
is greatly inereased? but, of course? at the expense of droft. which 
must usually be comi>eni.aled for by additional height of stack or fun 
power- TlifsiO chambers are, of coiuse, itlatively much more effective 
as ^ttleiiB fur coiii^ than for fine particles, and it Is isupineticnl by 
their use alone to effectively eliiumnte real fume'^ or smoke, E^rob- 
ably the largest and be^t illuEtratiun ttf this ^’stem is nt tlie Ana¬ 
conda Copper Mining Co,’si smelter at Great Falb«* ^font** A few 
year^i ago Uih plant installiHl in lu flue a cliambcr 177 feet 

wide, 367 feet long, and 21 feet deep, witli iron wires hung from 
top to bottom, spaced about ± inches apmrtt euvh way throughout the 
chamliert making the nggregato length of wire some 4?£I00 miles, or 
ttbotit cfpigl to the earth^fl radius. To overcome the resistance to draft 
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iMccofiioned. u oew iiti^ck ivus ulso buiJt &0 Imc in inh^nval diameinti’ 
and fcci high, tlio ciinmber ant) staclc costing ovci* n million dol¬ 
lars, and jct the company considered this n got^ investment Qti aC' 
ecHint of the values recovered from the dtud settled by the ehandiet', 
Xor is tliis liy imy means the largest of the copper-smelting plants in 
this conntiy\ In fact, tiie same company hn.« another, three times 
this size, only 17$ miles stray, at Anaconda. Tliis is mentioned to 
give some idea of tlic iiiagoitnde of tlie problems confronting the 
engineer in smelter-smoke control itnd the amount of skill (unl money 
already expended toward their solution. 

Ai’j'iarATiaN or f'fcNTKiriuiAi, rom'R. 

Centrifugal foree may lie applied to remove snsiicnded particles 
in one of two iiinli] ways. In the first of these the gas is lirniiglu 
tangent ially into a stationary container of circular horizontal crois 
.^'tion mid withdrawn vertically upward through the axis of the 
i'ontainer, as in the well-known type of cyclone dusl catcher, while 
the du.st particles tend to lie thrown out to the periphery and finally 
dro[) down into a leceidacle provided for them beneath. In the 
second method the gases are parsed axially through a rapidly to¬ 
taling cylindrical idicll, preferably provided w'illi some form of 
bniflesw The dust toliccti on the ahell wall an<l ha flics and may he 
removcil from them in various ways. 

The first of these methods is in very general use for gases i:oii- 
tainitig fairly coarse du.‘?hi, hut its eflicienev falls off vejy rapidly, 
ns might lie exfivcfcd; when we come to deal with siimller particles- 
and im rviiching what we iisunlly understand as fume or smoke the 
dejiosifing action Ls pmeticaMy nil. 

The revolving shell tyi^p b much more eflicieut in this regnrd, but 
tJip size and high speed necessary in such mnehinety for treating the 
large volumes of gaaea met with iu most instances where it would be 
of interest have made it rather impradicfil and it has not come into 
gi'iiernl use, 

ktjEi thh’a t, cRKCi ri tat to s . 

The Iasi met hod of fume and dust collection to which attention 
will here lie drawn de]lends upon the use of high potential electrical 
discharges. This has a somewhat special interest for the Smith¬ 
sonian Institution, not merely on account of tiie interesting s'ientiflc 
prohlemit which surround it, but also liecause ssome three years ago 
a group of patents pertaining to tlie subject were olfetod to the 
Institution os the ba.sis for a new and unique form of endowment for 
scientific research. Out of this ha^i grown the Research Corpora¬ 
tion, an mganbuition incorporated to administer the technical and 
business developments of these and other patents and inventions 
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which mu}’ m Lh« future be preseuted Id a elmllar wtty to UiSe ur 
other institutions of learning and to return to these iasiitutiona for 
use in seientiBc resenreh the entire proJits arising from such business. 

.iVs the methods niid nime of tills new movement have alreadj been 
eh*where fully treated,^ they may here be passed over, but on account 
of both tlie intrinsic scientific interest and die Institution’s asso¬ 
ciations with it. tlie subject of electrical procipitation of suspended 
particles will be presented in sonie detail cbieiiy by compilation freni 
artii'lcs wUicli have apiwarcd in various scientific journals* amplified 
samewiiat from impublished notes on the work, furnished for the 
purpose by members of tbe technical stafis, at present busied with 
these developments. 

msrjXJRY OF ELECTRICAT. PllKClPSTATtOS. 

The removal of suspended particles from gsmes by the aid of elec¬ 
tric discharges is by no uieans a new idea. As early os IfiS-l we 
find it suggested by Hohlfeld* as a means of aippresaing ordinary 
smoke, and again a quarter of w «ntury later by Guitard.* These 
suggestiong, which do not seem to have stimulated any practical 
study of tlie iiucstion. were soon entirely forgotten and only brought 
to light again by Sir Oliver Lodge* many years after he himself had 
independently rediscovered tlie sajjic phenomena and brought them 
to public attention in a lecture Imfore the Liverpool section of the 
Society of Chemical Industry, November 3,1880.* The first recorder! 
attempt to apply tliese principles commercially appears to have been 
made at the 1^ Bank Lend IVorks. The general principle of elec- 
tricni precipitation of suspended matter was at this time patenteri 
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by Alfrtfd O* * Walker of the abo ve firm Lii yevtnii coiintvic^* but thet^' 
patents ha ire long since e?cpjxed* The apparatus was inatslled in 
1885 by the works manBgerj W* Hutchings, with Uie cooperation 
of Prof. Lodge, and was briefly described by the former» before 
its completion as consisting of ii system of metallic points situiited in 
llie flue from the lead furnace^ and excited from two Wimshuist 
influence niaLhines with glass plates 5 feet in diameter^ each machine 
l^eing driven by a 1-liorsepower steam cngitie. Figure* I reprcKlnccs 
llie drawing accompanying Walkers TTnited States patent sf^ifica- 
tion, A being tiie Wimshurnt machine and B the flue tarrying the 
gases to be treated. 

The apparatus undoubtedly did not in practice fulfill expectations. 
Eis we find nothuig further of it in the literature. The most apparent 
weakness of the project lay. perhaps, in the reliance on the Wims- 
hur^it machine, w hich had then just been brought out and from which 
a great deal more was anticipated * than has been justifie^l by expe¬ 
rience, at least as fat as commercial application? arc concerned* 
AImn?t simultaneously with WaLker^ and nppareutty without knowh 
edge of his and Lodgers work, Dr, Karl iloeller, of the firm of 
K. & Tin Moeller, of Brackwede^ GemiLtuv, secuml a patent" on 
electrical precipitation. The patent Epecification itself appears, how- 
ever^ to be tlie only piiblifilied mtprd of this work. Tlie idea wsis^ it 
is understood, suggested by mi article* dealing witli the ilisturhiiig 
influence on electrometer measurements due to dust in the air* 

After this an occasional patent^ or article* served to keep the 
subject In the public eye^ and in 1003 Lodge took out a patent* 
covering the use of the then new mercury arc for rectifying high 
l>otential alteruating currents for this purpose* but none of these 
patents seem to have been carried into successful commercial opera¬ 
tion on the large scale in the chemical or metallurgical industries. 

Some eigfit years ago, while studying various methods for the 
removal of acid mists m the eon tact Bulphnric-flcld proc^os at the 
ITniversity of California, the author had oecaaiuu to repeat the early 
experiments of Lodge and became c^Juvinecd nf the possibility of de- 
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veJo]ijng t belli into wrameiTial lUnJiiius- Tlie subsequent woi-k luav 
fairly be cuixsiderttl as tJie riHiuctioii td engineering t>rectice aa iv- 
gardis equipment un<l construction nf the fundemenlEil processes long 
flince ittid open to ub by the splendid pioneer ^vnrk of Lcxlgc^ li fent 
vjistly easier tfi-diiy llittn nl ibe time of F^odgr and Widber*s origiiiftl 
iiiternpi. 

TUtM^EtY <U' KLEtTUlt'AL I'UEOtPiTATlCiN. 

The precipitation oi siis[>endeil mutteiv whether in or liqttiibi, 
may lie noreleniutl by electricity in the form of either dirtcl nr 
alteriMtiiig curttntj btrt the tno<ie of acLioii and iho t_vpB of problem 
tn which each is l>est iipplicable differ in certain imiKirtant respects. 

an alternating electromotive force is applied to a anspeti' 
sinn the action cortsists for tUo niost part in an agglomerarioii of the 
suspended particles into larger aggregates out in the t>ody of tUc sns- 
[lendiiig mecliiim and a consequently^ more nipid settling of th(^ 
ciggregates under the inflnonce of gravily. 

Tims, it lifts licen stated that if powerful HertaiRU waves are sent 
out under pru|>iT condiliom into foggy air the alternnting fields set 
up in Rpace caiiw an agglomemtioii of the particles of liipiid into 
larger drops, wbiizti then settle much more rapidly. Considerable 
work aitued nt the appliciition nf these phenomena to the djsi>dling 
of fog on liiud and ^ea was said to liave 1>een clone some years ago in 
France and England^ but very little os to delinite results a|q>ears to 
have lieen puldislied. .Vnother appUentiou of alternating cuntml 
along tbci« lines is found in a process now in nsc in the California idl 
ficldJS for separating emulsified water from crude oil/ 

Alternating current may thus be i]se<l to advantage whci'C the 
iiinsses of fluid to Ix) ti-entfjd ai^ fairly quiescent, and a simple 
agglomeration of the eusixsndetl particles into larger aggregates k 
siiHlcleot to effect ftt-jumiiion by gnivjtj* or othei-wke. 

Tn the case of the large vylumes of rapidly moving gft,^ in smelter 
flues the agglomerating and settling pniccss however, too slow 
Lveii when the lines are e.vpanded into as large dust chamben^ arc 
comtiicrtNally feasible. It k in imeh cases tliut unidii^tional ciuTmt 
methods have been particubrly important. 

If we bring a nccflk jKiini connected to one side of a high ixa-teii' 
tial direct-current line opposite to u flat plate connected to the other 
wide nf the line we find that the air space between becomc^^ higidy 
charged with electricity of the same sign as the needle pointy irre* 
streetive of whether this k |.H>sitive or negative, and anj* msidated 
body brought into this space inMantly receives n charge of the same 
sign. If this body is free to move^ as in the ca^ of a floating particle. 

^ I5« “ £>t!bjilFiitJE:>«i al Ctia4« Fettalraair s ICtiXulcflJ PrcrfTM>" AJibar T. 
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it will bi* uttractcd to the pkte uf oppo=^ite chai-gi? atitl \riU movt' tliu 
faster the higher its charge and the gi'eater the potential gradient 
Ivetw^n the point and plfltc^ 

Even if there are no visible siisspcnded part idea the gas molecules 
rhemselves undergo this same proee?^ aa is evidenced by a sti'ong 
wind from the point to the plate, even in perfectly transparent go-ses. 
Tlie old familiar e.vperimenf of I blowing out a candle flame by 
sen ting it to such a charged point is eiinipiy another illirslmtiou of 
I he aaine phenomena. 

Am above indicnte<l, ttie first step toward pnictjcability wjia of 
tiecesBity a commercially feasible source of high-tenaion direct cur¬ 
rent* The ol;?itacle5 to building ordinary direct-ciirrenl generators 
for high voltages lie chiedy in diflkulties of inhibition, and if lUi.H 
is avokkd as to individimf machines by worldng a large nmnl^'r 
in series the multiplication of adjustments and moving parts intiiides 
itself. On the other hand, hipli potential altemating current tech¬ 
nique has in late years been worked out moat tharouglily, inul wiu- 
merdal apparatus up to 100,000 volts and over lias Ixwn u vail able for 
fionie years in the market, 

llie proeeclure aetnally used in ihe instullations desertl>ed below 
i& lUagrammiitiCfllly il hist rated in the early Patent Office drawing 
(lig. ^}, and eonslsLs in tran^^forming die uUermitiiig eumnt from 
an ordinary lighting or power circuit F up to some ^0,000 to 75.000 
volts tlirongfi the tmnrfornier O^and then commutating this high 
potential current into an intermittcnt-dn-cct ciiri'onh by menu-s a 
special mtatiJig contact maker J driven by n synchronous motor /]. 
This <m!directional current Is applied to a of electrodes in the 

lines carrying the gases to Iso ireateeb In the [^articular form s^liown 
in the drawing the wall of the chaml>cr -=1 itio-df acts its one elcetmdc, 
the other electrode f ' l>eing siisiiendet] within it. The hcatbig circuit 
h and iiikt for ckan gas O are merely for pi'fitei^tion of the ip^nlution 
from condensation of acid and moistuit?. 

The clecLrodei^ arc of two types corresponding in the plate imd point 
in the experiment above cited. The const ruction of eiectrinies corce^ 
sjjanding to the plate presents no Mijc^dal prohlenu as any mnooth 
conducting surface will answer the purpose, Willi the pc Luted or 
discharge etectnxles it is quite otlicrwuFe, and the working out of 
pmctical forms for tliese proved the key tc* the first coninuu-cially 
successful installations. 

In laboiKtojy expcrintcnts when tlic discharge from a Esingle point 
or a few such was being studied fine sewing needles or even wire 
bristles ans^vcTcd very well, but when it was attempted to greatl}’ 
multiply such di^barge points in order to nnlfonnly treat a large 
moss of rapidly moving gas at moderate temperatures great dif- 
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lk‘ult>' was eiicountenid in obtaining a po%r«rfiil anti, at tht‘ ^amt* l inw. 
affective tliutribiilioii of cniTfittL 

It may be of interest to note that the clue iv the i^lutiou of Lliia 
tlifficuUy came frotn an almosi occidental obser^'otioti- Working otin- 
evening in tiic twilight, when the efficiency of the diffei-eiit points 
coitid bo roughly judged by tlie pnlc luminous disclnirge from them, 
it was )mtu?cr] that under the particular eonditloas emplnyed at the 
time this glow only i>erajnG appreciahle when the pomUs had ap' 
pronched the plates almost to within the disionce for disroptlvi.' 
discharge, while at the same time n piece of colton*covcred inaguei 
wire, which carried the current from the tntuBfortuer and comniutatfa* 
to tin? discharge electrodes, although widely separated from any 
conductor of opposite polarity, sliowed a Wmjlifiil uni form purpU- 
glow along its whole length. The ga pin nation lay in the fact lUai 
every loose fiber of the cotton itCiulation, Although ti relatively poor 
conductor compared to a m^allic wire, was btill sufficientiy eon- 
ductive from its natural hygroscopic moisture to act as a discharge 
point for this high potential current, and its fineness and sliarpnCBs, 
of course, far e-Kceeded that of the sharpest needle or thinnest metallic 
wire. Acting on this suggestion, it was found that a piece of this* 
votton-covcred wire when used as a discharge electrode at ordinaly 
temporuture proved far more effective in precipitating the snlphurlr- 
add mist, which was tlien the object of study, than any system of 
metalUo points which it had been possible lo construct. Perbap-' 
the greatest advantage thus gained lay in the les acctimtc spscing 
iTemnndcd between the electrodes of opposite polarity in order to 
sccur(> a reasonably uniform discharge. Much nf the importance of 
this discovety at the time lay m the limited potentisla of a fen 
thousand volts then available to the esperimenters in tlmlr laboratory 
work. 

In practice, of course, a more durable material than cotton was 
demanded for the hot acid gftscs to be treated, and this was found 
in asbestos or mica, the fine filaments of the one and the scales of tin- 
otlier supplying the discharge points or edges nf the excessive fiiit' 
n<^ require!. Tliesc materials were twisted up with wires or other¬ 
wise fastened to suitable nletallic supports to form the diseliargc clec- 
trtnles in *,nch w*ise that the current had to pai® only a short distanri' 
by’ surface leakage over them, the alight deposit of moisture or acid 
fume naturally settling on them serving to effect the conduction. 

ith the further development of the electrical technique to provide 
the far higher voltages now being used In commercial operation, tlar 
choice and design of electrodes has become much more fiexiblc, inchul • 
ing simple metallic wires, sharp metallic strips, and the like. In 
fact, tlio very phenomaim of soMalled corona loss or direct leakage 
from the wire into the air on higli,tension transmission linen, which 
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wrc to-diiy the ^hief stumbliDg block of the power corupaaies m goUig 
very fur iibovt lOO^OOO volts on these Imes^ become eiractly what is 
Jesireti in the proecsses of prccipitEition. and with the voltages now 
itsetl a biiro melal wire of moderate sixe or the relatively thin edge of 
a nielnllic shcfi^t may be mailo in furnish nn excellent discharge. 

The con-striictioii and arrangement of the electrodes^ a>i abmof thi- 
idmiidicr containing them, naturally varies very wndely with the con- 
ilitiijibi to ht' fulfilled under the varied applicatiom to wbirh the 
pnx'css moT be put, 5k)m.e of file more general features of this work 
rtiT des<"ril>ett in patents^ already issued in this and foreign conn- 
( rioji, while further detaik and ]nCHllficaiion.s are covered in other 
putents not yet issued from the various patent offices. The n.cconi'^ 
[lunyiiig pbotognipJiss give [icHiaps a better idea of the gradual de¬ 
velop mimt tlie work than any dc till led description which would be 
in the berv at command. 

I .A lU jiLVTOn Y EXrEUl 

Kigrm^ is ilu- apparatus useit for the original laboratory experi¬ 
ments ill the spring of IMfi, Sniphuric-aetd mist wns generated hy 
buldiling the gas from the little contflct snlpluirk-acid plant, &ecii 
on the table, tbj>:nigh water in the U tolic beneath tlie inverted glass 
lie!I jar (A),* whose inner walls were (jiiickly wetitHl sufficiently with 
acid to art as the collecting electrCMle, a wire being inserted along- 
iddc of the stopper through which tho U-tulje coium-ted with the boll 
jur and sorvwl to connect the jar walla to the imlnction e:oil on the 
left, the latter acting as the step-np Imn-sfomier ((». Tliis coil re¬ 
ceived idterneting current at I ID volts from the lighting circuit and 
gave jilKiiit IIJOO voILk at its ?^OE."oiidiiry- The other high potential 
ieriiiinni uf the induction I’^iil was connectiit] to the dischargi^ elec¬ 
trode (C) within the l>ell jar through a make and break (M J X), 
operated by the synehroitous motor (L). Thk latter wa^ iinpro^isefl 
by substituting a plain iron cross for die s^piirrcl-csge armature in an 
orilmary fan motor oiwrated from'the same llfi-volt lino m the 
itiduetion coil and brought into step by the Indortion motor on the 
right. A Tuomcntaiy contact with the discharg? Ldoctrode was thus 
estrtblislied oiicc eadi ccpriipleto eyde at the jieak of the voltage w^ave 
and served to charge this electrode to the maxi mil m voltuge of the 
line* nhvays wdtli the ^aiiie |K>larity. As stated above, electrical pre- 
ct pitot ion takes place no matter '.vhether the discharge electrode is 
made the fwiaitive or negntive. and the ditcctioa of the dischar^ and 
deposit is inde{>cndeut of the polarity and cletennined only by the 

UF. a. Tin, saes4a. tn&aiT, iqimto, ia^22; ima i0iswr4. Tha HKcmd 

ih^r AlicK armrUnllj WTlatc4 %y l-HRit Mlo. Joitra., ^rt. SO, pp, (llWMh, 
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size, rsLiiipep and surface of the oppofilng electrodes; but it is found 
in practice that the negative discharge is ranch the more stable and 
can be run at higher curreat without danger of disruptive discharge, 
iso that it has notr bcoouie stundai'd pradiec to make the disdiargc 
electrodes the ncgullve and the gronndod coUecLion electrodes the 
positive.' In order to help maintain the charge on the electrode in 
the interval Udween these contacts, the Ijcydon jar (I) seen in the 
pictun^ was eDunccied in parallel with the elcctrodi!8- The wire lead¬ 
ing to the jar walls or coUectmg electrode wan lUiUally grounded for 
conrenleiice and safety, as, in fact, lias been done tliroughont all the 
practical installations, Tbii leaves but one higli-potential condiirtor 
to deal witli in euch precipitation chamber mid greatly increafies the 
i!4aiiety of openitiOu. 

Figure 4 is u. clo^r view of the prccipibtiLion chamber through 
which the acid fiiine is being blown at tlie rnte of about 20 lUers fjor 
minute, the electric ecrreiii lieing shut off of the uppanitus. Figure 
,i siiows the effect of turning on the electric current with the aame gas 
eleaiji still flowing. 

The dischiirge elcclrode in this case conBisted of a cylinder of wire 
screen (C). wrapped with a few turns of asbestos ^wing twine (fl) 
and suspended by a vi iro passing tiii'ough a gltissi tube ub ^own. The 
suspended paiticleei of acid were driven nway fix>m the fila- 

men la and deposited on the wnlhs of the liell jar, final Ly running down 
into the U lulie below. 

The next undertaking wa^ to duplicate these exfierimencs on ii ^.-ale 
sotne two bund rod-fold lai^r. This was carried out during tln^ same 
sioiiiiiLier at the ricreiiles works of the H I* du Pont de Xeiiiours Pow¬ 
der Co^ at Pinole, on San Francisco Bay^ Avhere the contact gases 
from ona of their Itlannheini tontnei sulphuric add units were ein- 
jdoyccl- 

Figures tl and 7 are photc^raphe taken about n miuuie apart wiih 
ihe same current of fume-laden gases passing into the precipitation 
chamber, but w'ith the electric current resi>ectively off ond on. Tlie 
apparatus wais the ssaiue in general principle as the smali lalwatory 
iinit dfiscrlbed nbove. The precipitated acid drained off from this 
precipitation chamlx^r into the carboy on the rigbL Ciiri'^ut vrtin 
supplied fri>m three L-kilowatt 110-volt to 2,200-volt traiisfonnors 
ctmuaeted in series on their 2^200 volt eido lo give 6,000 volts. In this 
appanitm^ the power consumpticn waa about one-fiftli of a kilnwuU, 
ttnd between lOQ and 200 cubic feot of gas per minute could readily 
lie treatcii. 
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PLATE 7- 



FklS.-Bjuss bam ahd Heads Pischame ELEOTfiQOESiH PartinO-Roos* Flue 

At SEL&t SMELTER, 



FiCk. 10.—ELECTRtiaEfr iNSiQE OF pAHTlFiCW-ftClOM FlUE AT SeuhV SMfeLTEfl, 




































SMOKE AND OUST XJiATEMKXi’-UOTTKELtH B7I 

FIRST COMJJlifa'iAL I NSTM^^TIOXS:, 

These experimenis at Pinale iittractcd the attention of the Selby 
Smdlitig Sl Ijeutl Co.^ vrhtm smelten located at Vallejo JurtetioOj n 
few tiailes fiirlhoi- up the bay. wus at thfll time the object of Injunc¬ 
tion proceedings brought by the farmer?f of tiic surrosmiling conn- 
try. At the tmio ttie siui^ driginote^l three i^pnmte staofcs at the 
smelter contribiittHl lo thd ttncg^?d niiisamiM-. The first* niiii ndiuU- 
teillv the most sen dub offender, hamikcl the gases f n uii tho lead bljte>t 
furnaces mi'I illi^clinrgcd seTeml tons nf letisi fiiinu diidv into the 
iiir. Shortly before the eoiiimeoccment of dwtiicid pmcipHatiOfi 
wwrk at iho pUmi this hiid been obviatetl by the itieialhitioii of the 
hag lioUbcJ shown in figure 8. After cotroetirig this evil there still 
remained* however, a stark discharghig the gases fituii the roasteia^ 
which, TH'Sidt-a the invisible stdpluir ilioxidci fiirai^hetl Flen^ while 
cloiirfK, confibsting chirfly of sulphuric acid, ai'senic, and lead 
and to which the bag homse w as inapplicable on account of the corro- 
sii^e action t^f these gas?fi upon the bag$. Lastly there was the ^stack 
of the refinerj'^ canying the nih^ts escaping fre^m the pots of boiling 
stdphiiric acid used to rlisasolvc the silver out of the gcikl and silver 
alloy eoiuing from the cupels. 

The fiii'iiftce and the rtuksier stacks each carried somethitig 
over u0*000 cuhie feet of gas [>er minute w'hile the i-efujery btack 
rupresented .‘searcely si tenth of this volume. As si f\rut step o|X'rations 
wei'C accordingly commeneed on tliis lulter^ imd after several inonths^^ 
pxpiwimctiHng as to tlie best forai of construction n system of ver¬ 
tical lead plate:^ f inches wide by 4 feet in length anil spaced about -i 
inches apart was adopteth Several rows of such plates were os- 
sembted m a 4 hy 4 foot lead flue. Between each pair of plates hung 
rt lead-covered iron rod carrying the asbestos or mica discharge nia- 
leriat, the latter finally proving tlie more sen iceahle tii this highly 
acid atma?pbere. These rods or distdiarge electrodes WQtv supportetl 
on a grid work of buss bars extending over the heads nf the platen 
and throngli apertures In the sides of the Hue to ImnilatotB on the 
outside* Figure 0 is a view looking down on ilie top of thi.s flue with 
the eoA'er iTUiOved fimn nbove the elwtrodes, and figure lO is a view 
inside the flue looking through the sybiem of cleclro<lea, Figuresi 11 
and 1"2 show the effect on tile appearonce of the stack when the elec¬ 
tric circuit Ls rcspe^'tivcly oi>C!n and clcwfcd, the stack !ii tho imiacdiak- 
left foregrountl being the one into which this flue diijchurges. The 
large stack in the middle hackgrotaid is from tlu? masters to be dis- 
cusscfl below. Figure 1^1 slioiva the corrt^ponding stre^im of dilute 
sulphuric ucjil (^bout B.; running out from the flue sji pre- 
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cipitAted. WhAn tliB Acid kettles At« at a lull boil it often amounts 
to over 2 gull OILS a minute. 

The elecCrie current h taken from tlje power circuit of the pJanL at 
1*50 volta, fjO cyclesj and tmnsfoniied tip to 17^000 volts thenoe 
through the synchronous contact umker or rectifier to the eleertrode 
>ystiun* At first a giass-ptate condenser was connected Across the 
high potential lino in parallel with tlie dectrode system in order to 
assist in inniiitaining tlie pnlential of the electrodes between the in¬ 
tervals of cfpntsict^ hut was5 found ti’oublesoine and unn^^'cssary La 
practice pj^il in thk and other instAllations hi now omitted. 

The power consumption for this installation is about 2 kilowatts, 
iucluding Uie driving ciirninl for the synchi-ofious motor, and tlio 
whole apparatus jvtjuiit^H nii moiti atteiiiiou iliiui a f-eeci pump or a 
blower. Thi^i apj^ear.s rn liave heon the first ctunmeiTialiy successful 
iiistalhitiori of electrical precipilation ever niaik, and ha^i now been 
in regular daily operation for over seven years at a cost for lalior 
nttejidance And repairs of Ics-s tliari $20 a nionth> In factj while the 
plant wa£ making enough blues tone to utilise all the weak acid re- 
covei^, the saving on purcha-se cif ihe latter [mid for the entii^ co^f 
of operating five tiaLco over* 

^ In the seven yea is wliich have elapsed sliioe this installation was 
made the procei^^sea have undergono steady development, and inci¬ 
dentally have through the umny vicissitudes common to in- 

novations in the indnslrial %vorld» One of the first extensions of the 
work was [laturully a series of experimental precipitatiou chaml>ei^ 
in the main rouster Hue of the saiiie works. Two diffei-ent forms of 
iheso are seen in figures 14 and 15* The former was of load con¬ 
struction Hiniilar to thal of Ihc find installation but of some teJi- 
fold larger capaeity, while I lie lattri- wji^ of hrkk and iron construe- 
lion and iiitenilctl for the collectiun of drier und highly acid- 
l>caring materiah Figni'es 16 and 17 »sliow the d-foot diameter hrick 
stack discharging these gases with the electric ciirrtut respectively 
ofi and Qti. Later, fundamental changes in the furnace equipment 
and metal]urgica! praciice at this plant, obviated the need for elec- 
tricAl precLpitAtion and the permanent iostaUatlon originiilly con- 
leniplaled for the^^e particular flues has never been cArried out, 

OPKIEATIONS IN i?Ot^NTY, 

The iiistaUntioti next in order of si/^ to be undertaken was at the 
BalakUla Smelter At Coram^ rihnsta County, Cal., 27:^ mOes north 
of San Francisco on the main line of the *Southcrn Pacific liailroad 
to Fort]and and Seattle. The vA^t body of low-grade copper ore 
reachitig for many miles oerosas thijf eouiily and nonimonlv known ah 
the Copper Crescent. 1ms h«ii clescnljc^l Sn rletnil by L. C. Grafton' 
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Plate 6, 



Fia. 11 —Paat^vo-Ropm Stack. Selby Smelted, Clects^ic CuFtrent 



Fig, t^-^pAETiRa-ftooM Stack, selat smelteh, Electhkc Cuhaent Ok, 
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Pl_AT£ 10. 


Rs. 16 .—EkP^'IMENTaL Pfte42lP|TJ*,TOR5 1^1 SflICK FlOE FEOM ROihSTEFIE, &EL^V 

SWELTEIL 
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Plate t1. 



Fm, ifi.—SsLBT ROASTEn Stack, Electric CunftEwT Off. 



FKL t7*—SELBV HUAffTtB STACK, ELECTRIC CUtin^HT OK 
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niid cliiijneteris&cil ak the secaiid target copper deposit wludh CAti be 
considered os a single geological unit in the United States- From 
the vie’wpoint of ,snie!ter smoke Utigatioji tliia mgion has a particu- 
!arly interesting historj'* Figure 18 show^i by a rough ^tcli map 
the location of the principal features of interest for the present dm- 
cussion. 

The first coainjercially auecesHful snieher in this region wiis 
ei^ectcd lit Keswick in 13i>b by the Alountain Copper Co. (Ltd.Ji 
under the iminagenient of Louis T, Wright, iitid was of esjjecijil 
interest ii-S one of the pioneers in pyritic smelting. Estengive heap 
rousting was also carried on at this plant w'itli the result of wide- 
s]>read deforestation of the surroimding country and the final cU>sing 
down of the plant in tOOfJ through injunction procc?eding>^ instiUite<f 



by ilie United Slates Forestry Service* The company has since built 
a Hmall ainelter and acid phosphate works at Martinez, on San Fran¬ 
cisco Bay, and now diipa its ore to this pointy nearly inlle^ 
diatajti, for treatment, but even this latter plant lias at various times 
rome in for its sliare of lunio litigation. 

In 1901 the Bully fTill Smelter, at Delamar or Wintlirop. with a 
tTipacity of 550 tons a daVt started. This wn.i later purchased 
and is now owmed by the General Electric Co., but dnee iluli\ 
I9l0, it has been closed a^ a result of couiplaints by the United States 
Forestry* Service, who insisted at that time that the plant either 
dose or at least commence efforts on a practical scale looking tow^ard 
controlling its fumes* 

In 1905 the Mammoth Copper Jiklining Co», a subsidiar}* of the 
United States Smelting, Refining ^ Mining C<l, blow in it$ prew'nt 
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emdUr nt KennetL This plunt when running full bus a ciipucitj of 
some 1,200 tons of ore per day. 

The Bfilaklftk, or Fii'st Kafionul Copper Co» wus the must rei'ent 
of the Sbn^ta County fimelterBij. having bloivti m its first, furnnee in 
im 

Tlie^^ smelters are all situated in the n*(Tow' precipitou.^ canyon 
of the upper iSacrameiito River and its trihutary^ the Pitt* The 
regioii itself is too steep and rocky for agncultiire, btit ivnis Qiice 
liearily woodetl, nlUnjtugh now swept Imiv of vegetfliioii for 
As far as the i imyon itself is concerned^ probably all the daiimge 
{wsfidble has already been done ui]le$s reforestation w'ere undertaken. 
This latter even, would probably be alow and dilHcult workt since 
the loss of vegelation tbe steep hUbid&a have been washed bare of 
soil for milos around* At Reddings however, some miles lielow 
CoiTMu imd 17 miles below KcEiiieit. the canyon widenjs out int-j the 
fertile i^aeriimento Valley and from ihh ^int ssouthward f4>r eomc 

miles farther lies the regioii from which came increasingly iii- 
distant coinpliiintis u gainst the smelters. These culmitiuted in I he 
spring of lOid in ngi'eemenU between the farmers and the siueltei> 
under which friendly suits were brought in the FedetTtl oourtis ajid 
injunction^! l^ued by stipidatlon requiring the sineUers to remove 
llie fiusijeuded matier froiii tiicir exit gases and dihito the latter to 
i^uch an extent tlmt their sulphur dioxide content shoidd not exc^l 
seventy-fivD hiindredths of 1 per cent by volume as disclmrgetl from 
the stacks, witli the further general and sweeping profusion IhiU: they 
diuuld do no damage. 

To acoomplifib this the Mammoth Smeltar instaUixl a bag hous^\ 
which has been In very siiccfssful operation since duly, I&IO. Figtirc 
1ft is a view' of this plant showing tlie bag hmise on the left in opera¬ 
tion- It will be noted that the gases discharged from tlie five stacb^ 
(each ^1 feet square) are to all intenta and purposes free from sus¬ 
pended! matter and conBequently invisible. This reprt^nts a notable 
achieventent, being the first Lime that the bag bouse* go efficient in 
lead sinelters, has been suctres-^fnlly applied to copper blast ftimace 
gases on the large s^le. 

Tt tfi made possible in this instance through nentmlijatiou of the 
:^ti]phuric acid in the ga&es by the zinc oxide carried over jp the fume 
from the very heavy zinc contont of the ore smelted. The compEmy 
is also the owner of patents ^ on the introdnclion of finely divided 
metallic oxides into the gases for this piiri>ofie- In addition^ it waii 
necessary to provide un extcnHii-'e system of cooling pipesj seen in 
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Fig. I9. Suelteft and H'HJSL or the Mammoth CopPEfl M^Hlno Co. at Kenhett^ Cal, 
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from of the bag house lU tlie picture. Tliere arc 40 of thejse pipcti. 
each 4 fott in diameter Aud averaging about 200 feet in length. Thw 
repriiisent a very lurge part of the cost of the instaUBtion. It was 
expected tlvat they would be sufficient to cool the entire gases of the 
plant to tt safe temperature to protect the $30,000 worth of woolen 
bags witti wliich tlie house U filled, liut upon etartiug up with the 
gase? piisaing through all the pipes in parallel it was found that only 
a litlk' (ner half the full capacity ctf tlie plant ootild thus be treated 
witli .'rtfety and operations were accordingly restricted to this. In 
the txdd weather of winter a considerably larger tonnage can lx: 
Inuidk'd w'ith safety than during the hot summer. Su1>sequently by 
rearranging the pipe connections so as to have eight groups in par¬ 
ti I lei, each consisting of five pipes in scries, the company succe^ixl 
in gi-catly increiiaing their effii^ieticy as coolers, and thus umterially 
increased' the plant capacity over that first obtained. Provision was 
alsfi made to supplement the pipe cooling by the blowing in of out¬ 
door ntr when necessary. The fan power necessary to move all this 
vast weight of uir and fuiiiace gases through the bags and pipe sys¬ 
tem is of couree cPTisideralile, reach Lug at times well up toward Die 
IjODO-horHCpower murk. Notwithstanding this, however, the bag 
house is to be considered a decided success, at least for the particular 
ccmditiims met with at thie plant, and the management deserves great 
credit for the counijzo and skill with which it has carrietl through 
this new and after all largely experimental undertaking, represent¬ 
ing as It does the expenditure of over a quarter of a million dollars. 

In the case of the Balaklala Smelter, of which figtire 20 is a general 
viiivv, the use of a bag house was also considered, and in fact a small 
experimental unit containing a few bags was run for some m<nitha 
in comparison with tests both by the electrical process here de¬ 
scribed nnd also a centrifugal apparatus in which the gases pas^sed 
through a rapidly-rotating cylindrical shell equipped with radial 
baffles to insure the gas being raised to full velocity. As a result of 
these tests the electrical process was adopted for the full-sized in- 
idallution. 

The smelter was treating from 700 to l^KK) tons of 24 to 3 per 
rent ore carrying over 30 per cent of sulphur witli considerable but 
varying amounts of zinc, the greater proportion of this being handled 
in blast furnaces, but the fines including everything under an inch 
and amounting to less than 10 per t'ent of the whole going through 
MacDougoJ roasters and an oil-fired reverberatory. The plant has 
also two converter stands. The gaees from all these departments 
passed into a common flue 18 by 20 feet in cross section, an interior 
^■iew of which at the main by-pass damper is shown in figure 21. 
The volume of gases passing through this flue varied w ith operating 
conditions from a quarter to half a million cubic feet a mmnte, which 
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ineaii^!, in round u mean linear velocity in llie tine shown 

of 10 to 20 foot per seconcL 

Before attempting to design the fuB-dzed eqiiipnient for treating 
these gasc6 ii ^mnll precipitiition chamber capable of treating about 
1 per cent of the total gBjses i\-m erected and an extended set of es- 
l.^^^Hlent‘^ made with it* Figure "22 showa this smntl unit with its 
cxhatud fan and .sttick* In the tiriginal tests it was located nearer 
the boiio of the main stocky the figure diowing it ns Inter uiodibed for 
other exi>erijiicnts ond tests. 

Figures and 2-1 indicate the degree of succe^ atlained with this 
small unit- in its original positioiu having been taken a few minutes 
apart wjtli the electric current respectivel}" olf and un^ tlie same 
voJmue Issnmg in both instances front the stacks which is 9 feet In 
diameter. 

With this mimatiire unit im a guide^ ihe e<jui]>nicii| of the whole 
plant with similar apporaius was undertaken in ilarch* This 

was eoinpleted and fii^ put into operation the end of the following 
Sept ember j and with the exception of a couple <*t weelcs in December^ 
remained in continuous o|jeratioii until July 94. 1611, tvhen tl^e whole 
plant shut down tintil euch time as a pmciical method cotdd found 
for removing from the gashes not only the sti.'jpended solidaj hut the 
sulphur dioxide gas as well. Es]>eriiiicats to this end with the Hall 
process already referred to* upon at least a scmicommerclal scale^ 
have since been pursued by the Balaklala Co. at the smelter; hiit no 
<lerision seems yet to have Iwcii reached regarding their eoniumrcial 
practicability nn the full-sisced operating scale of the funelter* The^o 
es|>erimcnts on suJphnr dioxide have^ however^ nothing fundameri- 
taliy to do with the electrical precipitation, tind returning to this it 
may be said that the nine months of o|mration which the plant had 
amply demODstrated the entire pnicticiiibitity of extension of tho 
process to operation of this atid even larger scale. 

As was naturally to be exjiectcd many didicultics were encountered, 
some of which were quickly overcome, while others give way more 
gradually before the systematic study of operating conditions* 

Figure 5^ Is a plan of the nine electrical precipitation unitB or 
chaiiibi^rs in tlieir relation to the Hue s^^'^tcni and stark* It diould 
here bo noted tliat the two large fans indicatPil in ihti drawing were 
not required for the operation of the precipitatirig nor to over¬ 

come any resistance due to it« introduction, as this latter was very 
dight indeed. The fans were made necessaiy by that section of the 
court's decree requiring dilutioti of the ^Ipbur dioxide to thrcC' 
quarters of one per cent or leas. When the furnaces were ninning on a 
high sulphur ebar^ this feature of the decree necessitated a consider¬ 
able dilution of the gai*s with fresh air and corresponding diminu¬ 
tion of etack draft. At gnch times the fans wero operated^ but during 
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PlATB 14 . 



F^Ck 2\—DAMptH iM Mjw« Flue &f Salaklal* SmilTEh. 



Fra. 22.-MMH Fme. Stack, akd E^Ci^ERrMENTAL PREcmTATon at Balaklala 

Smclter. 


















Fi(k 23,- DiscHAnac f i!0« Eif renutE htal Pheoiitator at Balahlala F<o, 24, -Disc hahoe fbq m Exp eh i men tal PoeciPiTaTCh at Bala klala 

SmElteh, Electric CURRetiT OFF. SmeuTEH, Electric CurhenT On. 
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Fio. £ 5. -General Arranglhent of pRECiFiTATiOM Plant, ^auakula Ca«. COf-PEn Co.. Coram. Cal 
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fl coD^df^able poriioji of the time the sulphur diojEide in tlie guses 
could he brought lo^ enough without interferenee with the draft, 
and during these periods the fans were stopped entirely, although the 
gases still passed tltrough them, 

Ai the rectifiei' builiHug tlie current wna received froru the rom- 
pany^H thit?e-pliase power drciiit ut 2,300 volts, 60 eyries, and after 
being tmiisfornied up to from 2*7,000 to SO/KK) voUh uuder tlie 
Lrol of the openitor through variable resistance and induction regii- 
latffcrs was rectified into an intermittent direct ciin-ent, as already ex¬ 
plained, and distributed to the individual precipitating units. 

Figure 26 siiows a cross section through one of these units or pre¬ 
cipitating flues 09 fir^ installed, and although forms of construction 
have Ijcen greatly modi Bed mid improved in later Installations, tliis 
view !i'till clearly illu^rates the fundamental of the method. The 
ilniibk vertical lines ropment the collecting or grounded electrodes, 
eacli 6 inches wide by 16 feet high, made of Xo* 10 sheet irmi. The 
dotted lines represent the disebatge electrodes, consisting of two 
iroH-wii-e strands betweeu wbidi was twisted the dbcharge mate¬ 
rial, for which both asbestos and mica preparations weie at various 
used in this ptant- Each unit conlamc<l 24 roAvs of 24 elec- 
tixMles of each type* The collecting electrodes wei'O carried By bars 
connected directly to the frame of the chambers themselves, while 
the discharge electnxles were spunDcd by aprittgi? between u system 
nf buss bars carried on externally placed insulators, ss shown in the 
figure* To the auxiliary chnmhera surrounding these iftsiilstors a 
small regulated amount of air was admitted to prewnt conductive 
dust or fume fruiti vrorking back and settling on the insulators. 

The cam and shaker rod extetiding acro^ the middle of the unit 
was originally de^^igned for the purpose of vigorously shukiiig the 
electrodes, as it was greatly feai*ed that the removal of precipitate 
from the electrodes in units of this size be one of the most 

sierioii^ problems, Tti actual operation it was found, how^ever, that 
the electrodes could easily he shaken by hand from the top entirely 
free from dust, the whole operation including cutting the unit in 
and out of the sy^stem and the removal find replacement of its covers, 
reejuiring only alxuit 10 minutes, this having to he repeated every 
ris or eight hours, depending on the dust content of the gases* The 
precipitated dust and fume as it fell from the electrodes was carried 
liy Ihe conveyor m each unit to a common longitudinal conveyor, 
which in tiim discharged into cars carrying it away for treatment 
and roeoveiy of ite valueai 

Figure 27 h the interior of the rectifier house or control station, 
showing the general arrangement of the apparatus and wiring. 
Figure 28 ehowa the precipitation units in coursne of const ruction, 
while figtiiT 20 is a view over the tops of six out of the nine unit** 
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after complctioii. Figures iK) and 31 are pUotographs of tlie main 
stork token a few minutes oparty willi tbe electric current respectively 
off am] oo. * 

Filtration tests upon the gases before ond after the electrical tivnt- 
uient througboijt the nine inontlis of njicmtion allowed that this pbtit 
under farorabic working <<0[idiltou3 preripUaicJ between SO nnJ !>0 
per cent of the aiispeiidtHl mniter in the gas, the average rivei' thi* 
whole i»riod of upiTution being soiiiewimt less, wliilc nft.-r ijitrtv 
ductng iiuprovcmcnbi in detail of cuiistructioii on one of the utiit^ 
shortly before the hiial sluttdown of tlio plniit the cffiejeni'c of tlin* 
unit Was carried well up into the niueliea, Imder average o|wruting 
conditions at the smelter some tt to S tons of precipitate were col¬ 
lected per 24 boors. Figui-e 32 shows this steady streurn of prendpi- 
tated smoke os it flowed night and day from the end of the conveyor 
wming fium the units, und Hgiire 3d shows tbi- stock pile of si'ccml 
hnndred tons of this us it coUcct&l Wlow the dij^diargc. 

The gus-treiiliug plant as a whole, itidiiding (lues, fan?, motors, and 
electrical apparatus, cost, up to the time it was lii^it put in opemtinn, 
a little less than !?lin,000. Although many minor changes were Inter 
made, uuite of the larger or more expensive elements of construction 
W'ere greatly altered. 

Tlie toUJ average power ct»nsnmption for the praeipitathin plant 
was in the ncighlmrlinotl of 120 kw. One roan could readily control 
the whole operation in the rcctiJier house, although as u matter of 
precaution for a new plant nnrier the high tensluu here' nsai twe 
were tisnally on duty. Two laborers and a foreman were eiuplovetl 
on the precipitating units and dust-imtidling CTstem, although this 
could have been reduced somewlmt by automatic shaking devtces, as 
in the Hiverside Plant described hdow. 

The roliime of gases treated varied considerably with the condi- 
rions at the furnaces, but may fairly be taken as uvoragiug between 
*j 00,0O0 and 300,000 cubic feet per minute, and entering the units a I 
from 100“ to 150® C, 

WOltK AT OTUKU WESTKRX flMKT.TEKa. 

This plant, wltile not ohlc to tiave the Brtlaklala smelter from an 
eventual shutdown, formed ii very ua|]ortant link in the develop- 
menl of the processes tn their present .statics. The interest of the 
smelter com^ni^ iip lo this jjoUil de;icnded alraturl entirely on the 
hope of eUtuinmting sniokc as a nuisance and its attendant litigation 
with their neighliors; and Imd it not licen for the life or death 
.struggle that tliis meant to them, it is prebablo that tiie succe^ of 
the electrical processes mighl have Ijcen delayed many years longer. 
Once brought, however, under tliia pt^iwerful stimulaa to the stale of 
development above descrilicil. the importance of these processes for the 
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Fm, 29.—View At^ROSS f^HECdHTAtroH Chambers at Ea^aklala Smeutih. 
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leaving of values lost, through wiisite gasfti liegnn to cbim gcneml 
iaterest, and at pwsent a large auniber of precipitating plants ai^ 
under ooostniction and several are already opi-nitmg m copper, lead, 
anti iron smelters, metal refineries, rerneni mills, and a varied sot of 
eheiiiical indufltTies. 

It is unnecessary liere to describe any of iltese plants in great 
tletail D*. they rcprcs=eiil fcisejiiiaUy the sume principles as those 
tilroaily tliiaii^d, hut the accomimnyiiig illustrations may serve to 
•'ivo un idea of the pnjsent trend of the subject. 

Figures iH and allow current on and off in on esiwrimental unit 
erected aliont the end of II>1I at the GiirfiriJ copjwr smelter in Utah 
to treat tlie gases from iioaic lined inverters handling a copper 
matte’ carrying a sinnll jiervenlage of lead. Tu this case Ti-inch slcel 
pijies carrying the gases acted also as groumled or collecting elec- 
nodes. the discharge electrfxles lieitig w ires stretched axially within 
ihem. Tiie dcixwited luatcrial was shaken down from time to time by 
i-Lriking the pipes with a system of hamoiei's attached to the rocking 
>.hufts seen to the picture passing bdiiiui the fioni row of pipes. A 
pile of this deposit, consistitig chicily of basic lead sulphate, carf^g 
gold, silver, and otlier values is seen on the ground to the right. 
Tliis unit coitsisted of 34 piisfs and was follow wl by another one of 
IXK) pipes, which was siireeis^fitlty operated for about a month on 
.steady tesla taking ihe whole of the gas from one large ba,sic con¬ 
verter and part of the time a part of tiiiit from ntmtlier one as wdi. 
A part of this equipment wns tlicn moved to a point where gases from 
the other dcpartnienta—tliul b. blast funiace«, reverberator)es, and 
naisters—could also be securwl. and exijerhnents continued on each 
Ilf dieae and on tnisture of them. They were all found to l>e easily 
handled. Tlie otiiern in fact even more easily than die converter 
gases shown above, but these latter contained the Idghest values. 
Thii installntiou is seen in figure 36, the small building to tlie right 
containing the transfotroer and rectifier, while one of the large 
mtenary flues appears in the liackground. Having detcrminlid to 
Imild a new flue system and dust chamber for the blast himacc and 
converter gases at Garfield, it was decided to im tjrj)nrat« mi cloetrieal 
prt^cipkuiion plant for the tiieatiiient of all the convener fumes. 
This entire project i-s now under eonfitruciion, and in the planning of 
this flue system provision hoff also been made for die iiLstaUalion of 
an glfictricftl precipitation plant for the treatment of hlart fur¬ 
nace gas^, slionld it later be decidcfl to do so. The precipitation 
plant for tiie converter gasea is exjiccted to be in opcrelioo liy fall of 
this year.' _ 

’•'EWtnc^i rr^tpimiiua m narfi'ta;' bj w. n. lU’WEni. iiipcr en‘«<Dt«a ai 

Sitlt Uki* rart-tlni: Am^r. tnil. )(lr. VJW. A 115 . 11. l&H. -mt tali-r tii upp^ir In lb» 




BSD h£TOBT ^OTTR^yiAN INSTlTITTION, 

Apoiher iJistdlktion ta treot tihoui 100*000 cubic fret of g&3 per 
misuto and consisting of 884 pipes, each 13 mcUes m dionicteri is 
also under construction at the lead smeller of the Consolidated Min¬ 
ing & Smelting Co* at Traih British Columbia. 

Another unit of tubular type is s^een in figure 8L la this case the 
pipes are of lead 12 inches ixx clkmeter and 12 feet long. This unit 
was constructed at Anaconda to coli^t the copper and acids vola- 
tilkjed from an SO-ton experimeutal ^farDougall fTimace, rousting 
Jov?-grade sulphide tailings with salt preparatory to leaching.' Fig¬ 
ures ZS anti 30 are the same, with the electric circuit of some 00,000 
volts, respectively, off and on. 

^Vherc the materia! ccdjreted is largely liquid or saturated with 
flcld, as in this case, both wood stave and vitrified terra-cotta pipes 
up to 2 feet in diameter have also been Uiscd with success, and w ith 
dry material iron-pipe coiistniction has been miceessfully employed 
up to M inches diAineter and 20 feet in length. In ihc^se larger pi|3os 
soveml dkcharge electi-mlea are sometimea employed, carried on u 
central support. 

This type of const ruction, where applicable, has done much to sim¬ 
plify anil rtHliice cofii of instnllation, 

ELECtRlCAL t^ltKCllHTATlOM AKD GASEOUS CON^^TITPENTEL 

The electrical proce^ss, it must Ije remembered, precipitates only BtLi- 
pended pariirie:^, be they liipiid or solid, but does not in itself cxtrai^t 
any of the truly gaseous constituents of the mixture under treatment 
Wliat is gaa under one eat of conditions may, however, ha solid or 
liquid under others^ Thus recent experiments upon arsenic-re£niiig 
furnaces at ^Vnaconda have indicated the practicability of installing 
two precipitating units in scrica, the first treating the hot gases as 
they coniG directly from the furnaces nmstmg crude due dtisi, their 
temperature at this point Wmg so high thst the ^rseme U for the 
mo^ pnrt in the form of true gas, and only the nonvolatile dnat me¬ 
chanically carried over by the draft is precipitated. Beyond this 
unit the gases are cooled by a^lmixture of cold oir^ and the nrsenic 
separates as a cloud of solid fume,, which is then precipitated in a 
state nf higli purity in the second electrical precipitation. 

This principle migliL, of course, also Imj appUed in a greater num- 
her rpf stages to mixtures of materials of different volatilities and 
in thk way opens up new poe^bilitles for tlie application of frac¬ 
tional distillation and condensation. 

Ancithcr indirect method of removifig a particular gaseous coii- 
s^titiicnt from a mixture by the electrical processes is illustrated by 

*" llT^n,^liiV BhiJ I^AcliifhBT Tinui«« Ht AunticlA, br PrAlvrtf^ LaUt, UnlU 

AifH^r. iflii. Hill. Eii^^ rri ta^ pp 1147-jifta, lalJ^ lais, 
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an matalldtion now in opctaiion fit the Hooker Electrochemical Col, 
Kia/mra FbUs, where the esit gases of the chloride of lime factoi^ 
are freed from tlieir last traces of chlorine by 6rst blowii^ into them 
as ther travel along dnely divided slaked lime and a little farlher 
.lown the flue recovering this again by the precipitation unit shown 
in figures 10 and 41. Although the lime thus remains in the gases 
.>nly «i few seconds, it is in such a fine slate of subdivision that absorp- 
tioti ia complete and the gases leave the treater without a trace of 

Still another applic^ttion* which in it sense i5 almost the reve^ 

«if this procedure, has been worked out in connection with the drying 
of solutions and emulsions, such as milk and other unstable material, 
by atomizing them in a fine spray into worm diy air and collecting 
hy electrical precipitation the fine dry powder left by the evaporation 
of tlie microscopic droplets as they flout along. 

EI,ECTltlC.\I. PBEfclPlTA'TiO.V ASH OHHINARY COAL SMOKE. 

to the relation of electrical precipitation to the problem of 
orinarv coal smoke, it ha.-? already been pointed out in the early 
ijcrtion'of this article lhat the must general solution of the coal* 
ainoke prtiblem lies in belter cmubitation, and that whui is hcre- 
iicedrtl is not so much a method for eollreting smoko as one for pre¬ 
venting its original formation. However, for some time lo come, 
ond. in some special cases perhaps permanently, precipitation nietbo^ 
may prove a stepping stone and useful adjunct, hor example, in 
imwcr plants having a Iiigh peak load, L e.. a veiy high power dc- 
miinil for a short period of the day as companwl with the remainder 
of the time it is often impracticablo to operate over tins peak 
load without product tig Mjme blaek smoke unless a much larger 
furnace and boiler eiiiiipmeiit is installed than is ret|iiircd for the 
average load. In such cases the installation and opration of precipi¬ 
tation apparatus to take care of this pcak-load interval may prove 
more economic than that of the addition of Wilers and furnace 
otlierwise reijuired. The locomotivne smoke from railroad reund- 
hoiises seems another legitimate field until elcitrificatiou of steam 
i-oads in cities slmll bceomc more {runeritL .kgaui there are the 
rtacks of rertain furnaces in steel works where for metallurgical 
nuTpoaes it Ims become established pntediirc (even though we ftiay 
Ipieia^the absolute iiece^«ily> to ™rr>' a smoky flame for insuring 

The electrical treatment of this kind of smoke presents little now 
in the WBV of difficulties from the Irehnical side save in the me- 
dianicnl details of removing the light fiuffy soot from the el^lrod^ 
uftor deposition, Figui-es 42 and 4it show two installations for this 
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purpose, ihe first itpoji tbe ilitehurp'e from the (.■li«;ker briek super* 
heaters in a western gas works where gns for holtsehold use is gen¬ 
erated by the decomposition of L-riide petmlenni, and tlie second n 
precipitation unit ttislnlled on tTie IJiii' ffoui an St)-I»orsepower boiler 
»t tbe I'nited States Bnrean of Mines Fuel ExpeHineni Station, 
iu Pitl-^burgli. Figures -U and ■JS show the effect upon the apjiear- 
tinw of the stack frojii iLda laiier unit produced by switchitig tlut 
electric I'tirreiit off and on wldle carrying n tanily smoking soft coal 
lire in the fiiriuice. 

In this connection ahoniil atso be mentioned the work of tlie late 
l>r. Robert ICennedy Duncjid and his associatej;, in the Mellon Insti- 
inie of IiidutFtriul Besearclu at the University of Pittsburgh. To Dr. 
Duncan is due in a veiw lavge mensure the credit for bringing to 
public notice in a practical form the posdbililies aiid tui|K>rtant« of 
more aysteniatle and effective cooperntion between the a endemic and 
industrial agencies of the country. As n part of tlie system of indus¬ 
trial fellow all i]>s which be had built up’ and in whose further dci'cl- 
<>l>iiicnt lie was actively engaged at the time of his death, was one 
group of problema centering about the smoke nntsiince with some¬ 
what more special reference to conditions in Pittsburgh. 

Through the public silirited interest imd generosity of the Mellon 
family of that city, these smoke invcstigatJon.H were enabled to s.«- 
siiine a very oomprehensire scope, several valuable biilletitL<r= hav¬ 
ing already been i^ued as a result. As Prof. Duncan hml the good 
foriiine to see bis dreams grow tfi a permanent fniindation in his life¬ 
time wo may look forward to fiirtlior results of ever growing iiscful- 
ncsit from this source. 

' .Vmong the various aspects of the smoke problem wliich tecei^d 
attention at tlie Mdlon Institute was that of electrical precipitation, 
and 03 a result several papers by Dr. \V. W, Strong, one of the 
fellows,* bearing particularly upon the theory' of the processes, hove 
aitce appeared, together with [latents,* upon smoke indicators an<] 
recorders in valving these principles. 
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PROttUSMS Ol-' THE J'ORTLAi.'D-CESlKXT IXDUifrJiT. 

The Portland-cement industry is unotluir direction in which the 
precipitatioti process Ims provcfl of vcir proctical iifiportance, 

(irftt installfttion of this kitul wiis made nnder the direction of Mr. 
Walter A. Schmidt at the mill of the Riverside Portlaud Ceiiietit Co. 
near Kiversade, Col. Thrwilencd litigotion with live oivnctT; of sur- 
roundiii"’ orange groves on nceoimt of miis<iiKv and diimnge t4^ fruit 
uiid tre ^4 from the dust chmds of Jioic and chijr cscajnng fmm tin' 
.-emcnt kilns wo.s the incentive for tlie cement t-ompany ntulcrtiikiiig 
the work. The company had already spent upward of a million 
do)! a tv in purehasw of surrminding laiul and other expenses con- 
iieclcd with the miitiotice mid damage qneation. but without securing 
t»ennanent relief. Experiniciital work on electrical precipitatimt was 
comioenoed there in the Hiimmer of 1911? and us this was altnnst the 
tir^t practical cxteoiiion of the processes to tempi-'ratures of 4()0 
to TnOO" C*. many new engineering features hud to be worketl out. 
The detai' uf the final plant seoi in construction in figure 4fi nnd 
ill Us present complete form in figure 4" were worked up through the 
scries of prelimiiuirv experimental units of progressively mcreasing 
size shown in figures 4fi to 51. Had there been suflleient ground spare 
avaiinble near the base of the kiln stacks the piccipitating imit-s 
mi"hl have l)eeu placed there and a more com poet and far less expen¬ 
sive installation secured? hut as it was, tlm only available fppare 
^nied tliat above the roof at ihe top of die old stacks. Further¬ 
more. the cemctit company preferred to incur this additional expensi* 
rather than suffer any delay or mtcmiptions of its regular oporationB 
while chiaiges were being made in the flues or stacks themselves, 
Ctuiseqiicntlv a reinforced concrete platform 90 by l&O feet was 
bniU 90 feet above the ground, strong enough to support the entire 
electrical equipment upward of 1:200 tons of steel going into the 
mstallation as a whole. Tlie [irescnt plant consists of 10 rotary 
kilns, each 8 feet in dipimetcr by 100 fret in length, fired with emde 
peti^leuni and furnishing « total volume of nearly a midion cubic 
feet of gaa per minute to l>e treated. Out of this the electrical eqiiip- 
mciit now collects nearly s luindied tons of dust [wr day. Figitrcs 
S'? and 53 show the difference in appeanince of the plant before and 
after making the electrical installation. In figure H> cun also be seen 
the espcrimcdtal treater shown in figure 48, Figure 54 shows part of 
five daVB’ catch of dust sacked and piled. 

The‘treaters are of somewhat the isame general type as those us«l 
at the Sclbv and Balaklala smelters, but larger, with wider dectrode 
f.pacing and many bnprovements over these in details niid pemmil 
d^'gn. There are 20 of them in all, two to each kiln stack con- 
necte^l to it -m opiKwite sides through louvre damperu, Siieh iis seen in 
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fi^re fl5. TJie grounded electrodes are pbtea of Leav^ wire screen 
reinfoteed bj' angle iron riba, and the discharge electrodes are liglit 
iron wiles, ^ 

Figure 66 shows the operating gallery rtumitig the wliftl* length uf 
the row of treaters and containing the niotor-generator seiii, retli- 
liers, and ti-ansfoniiets, together with their control switchboard'^, as 
well as the compress-air vnJvej govoniing the operating machinery 
of the damper and the shaking devices for dbilodging tlic dust from 
the electrodes, Tills dust falls into hoppers, from w'heuce it pa.'siws 
by 0 syetein of screw coiivej'ora and antomntie scales to the storage 
and car-loading bins. The whole installation requires but one oper¬ 
ator, and the electrical-power consumption, including luotor-gcn- 
eiiilor and trensfonaer losses, is about 35 kilowntls. The cost of the 
instil Hat ion was somewdiat teas than iji^OO.OOO. stated, it was in- 
stallcil purely to ovc-rconic the dust nuisance, mid waf* not expected 
to cetui-n any significant values, as the iliiiit is not finiKhed eemem, 
but chieUy raw mix carried out by tlie guB«i liefore it has rciicheil 
the etinkcring xone. Tlie raw mis used contoJns, however, a siiiiill 
perceiitiige of potash (uaiiidiy not exceeding I j>er ceni KjO), which 
largely volatilizes and most of which is coiulenscd niirl caught in solu¬ 
ble iorni in the dust, makuig the biter, even in its crude form, loi 
collecteil, II fertilizing agent which finds a ready market al nearly 
us good ti price as the finished cement, or by using H over again in the 
raw mix of a separate kiln a Bceond and higher concentration of the 
potash may be effected in the dust rauglit from this. 

We thus have another example of a plant, put in at a supposed lofifi 
purely to avoid trouble with the neighbors, proving not only to cover 
its own operating expenses, but to nctiially pay a rather luiiid-^ome 
retnrn on very considerable investinenl involved The plant has 
Iwen in uninteiruptod operation on this basi.-, -ilnce .ratinnry 8, l!U3. 
As this oTticle to press the firsi unit of similar character east 
of the ^liiigissippj ig nbont to go into sendee, and in Europe anolher 
15 under coiifitrurtion, 

Kl-urnztl DEVEXiOPMENT !>’ PKORREaS. 

^ A number of other installalions. each with its features of s[)ecial 
interest, might also be referred to, hut ftulHcient has been said to indi¬ 
cate at least in outline the field developing before these processes. 

Ab early lus 1907 Mr. Emdn ^loUer, son of Dr. Karl MGIlor, 
already muntioned as one of the pioneers of electrical precipitntion. 
had inde]mndently token up this work in EiirojK; and is now cooper* 
atmg witli the American investigators whose work is described atwve 
m the funher development of the subject, haling also jiuntxl with 
them m the assignment of patent rights to the research cnrmmtion 
for the licnefit of the iimithsonian Institution. 
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FiQ. 50.-T*<? Ei^PtBI cental PflECIPITATORa USEO FOR COMPAflATH^E STUPHEa AT RlVEKSIDE P^JflTLAHO CEMENT WOfiKE. 
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F10, S 3 . Ri^ngiDE Portland Cement WoRit^ afte* Ih&TALUiTidi^ oF Permanent 

EtEiCTRIC PflEClflTATlOM EflyiPMENT. 
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FlO. $4 ,-Five DaVS^ COLtECffcON OF DUST av ELtCTRiCAL PHEdJPITATIQN AT Hi vEflSJOE 
Portland Cehent WohkSl 



Phi. ■55.—Dampeh 0 ^ One of the Twenty Electa le 

PRECJWTATlEMi ChAMSERS DF THE HitfEflfflOE PORTUNO 
CEW^NT WOflNS, 
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Flfi. 56,—OFEflATiKCi G^llEUt Of ELEGTBhC PREjOlPtTATlO« 
P(L-WiT AT RiVERtSiICE P^ATi^anq CfMEikT WORkCSr 



FitL. §7*—LtwMiE Vacuum Valves and Control Apparatus. 
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SMOKE AND DCTST ABATEMENT—^COTTKELiL- 


* 

Sir Oliver Lodge and his flons are also more active La thia 
Held and are likewise joining very cordially in the gmcral spmt of 
cooperation. Their recent teclmical contributions to the subject 
have been chiefly in the lines of rectification and insulation. Figuro 
5T shows some of this high potential current rectifying apparatu^ 
the most novel and csM-ntial eiement of which is a special form of 
vacuum tube which permits the current to flow through it on y m 
une direction. This may be used either by itself or preferably m 
conjunction with a mechanical rectifier such as those already de* 
scribed. It appeal's to have been first devised and used for experi¬ 
ments oil the atimulation of grou-ing crops by high potential unidi¬ 
rectional disdiurges,* but its applicability and importance in precipi¬ 
tation work is now being thoroughly investigated, and positiw data 
on this from large-scale tests diould soon be available. It m only 
within the last ycai* that a really active commerebl development of 
the electric precipitation processes has been iindertokon in Europe, 
but at tlie present lime several installations are under constructiou 
in various countries, and it U hoped that later a detailed report of 
this work aiaj* also be possible. __ 


• Bfltljli latent* SBOtT iiii4 SaSHS ClClO- 

« fi.flfl Emttt XcWDi^D And tjoM'l Bril. Pit. ITWO 







TWENTY TEXJir^^ PKOGEESS IN MAKlSE 
COXSTRUCTION.* 


Ky Uliu^CJI^ .\r. V, >L Jllast. O. H 


In order tQ apprecbtc fully the progrefis which has Ijeen made 
diirUig the htst :i0 year^ in the design and const ruction of fur 

tjio morcantile marine^ H will he useful to consider britlly the hirtors 
£tii' ^nd against advance^ s* the better to rciilke in whiiiL dii-ection 
forward steps huv^c been and uiuy be possible. 

Th«‘ driving fortjea towani ]ill pti)gre^ an; bcaltby discontent 
with what haa been done and the satisfaction derived from greater 
achievement f quite os much as the hoiM^ of mater la I gniin The aim 
of the ehipowuefT the naval arebitecls and the murine engineer is 
ever toward inrrea^d comfortj speed, and economy. 

Increase in size is undoubtedly the most valuable icfiOUiXii of the 
naval architect^ as it is directly conducive to the attainment of these 
Llirio! ilii^iderata. The greater the length of a vt^sael in proportion 
to her total weight, ihe smaller becomes the power in relation to her 
displuLemcJii and speech Greater size gives more deck for pas¬ 
senger accommodation, greater height nlK>vc w^ater^ and less disturb¬ 
ance due to wave motion ^ hencCi greater comfoit. The earning fac¬ 
tors, space and displacement, ore increased in greoter ratio than the 
coei factors, and thus economy is obtained. 

A concrete example iHuatmtii'C of these principles may possibly be 
of interest. 1 will take the caae of a cargo vessel having a speed of 
13 knots at sea o^er a 3,0a0-mile voyage. On a length of 400 feet 
we con construct a vessel waghing 3,700 tons which would carry 
4,0(X) tons of cargo and consunie 500 tons of coal. Each 100 tons of 
cargo, therefore, involves 02J tons of constnictive materml and 124 
cons of coal per voyage. A vessel 500 feet in length would weigh 
ijjT50 tons* would ccirry S,T00 tfln& of cargo, and consume TOO toti^ of 
coaL Each 100 tons of cargo in this case requires only 77J Ions of 
vessel and 8 tons of fuel. 

The practical success of the large vessel depends, of course, upon 
the volume of passenger and cargo traffic she can command, and thk 

■Tbff Jasftei Forreit LecUm tox ttlS. w.t mcBllns af tbs iDHUituloB nt ClrU 

Eiisiiinn, Loudoa, Oct. ^ I&IS, n«priDted br pcrtol^flbin tram " nstwpt m^utei ixl 
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vari^ gteadj on the dliFerent trade routes. It in notably greatest 
upon the Atlantic, and in this trade we find the most rapid growth in 
dimensioDS. 

It IB the continued aim of the naval dcsgner to realize the greatest 
dimensions which the shipowner can utilize on tlie least possible 
weights of liull, machinery, and fucL Every improvement in the 
«|itaUty of niateriflls, every advance in the liclter distribntion of those 
materials towaivl the end in view, every reduction in tlie weigiit of 
machinery and of fuel in relation to horsepower, and every pro¬ 
gression toward the more effective use of tiie power developed, is 
a step toward the ideal large, powerful, and comporatlvely light 
vessel. 

The introduction of iron about tbo year 1821), of steel about iSiO, 
uf tliv compound engine in 1651, and of the triple-expansion crigtno 
in 1881, were tlw most notable epoch makers of the first 80 years of 
Bleaiu navigation. The study of tbe strength problem by means of 
thegirder’* tlieory and the labura of the cias^fication societies have 
shown how to combine strengtli with lightness. Tlie introduction 
o£ the esperiinenlal tank method of research gave us a definite means 
of dc^gnltig form and pro^iellers, so that the least possible amount 
of power is w listed and the greatest pomlble amount is usefully 
applied. 

I'p to the beginning of the period under consideration the changes 
which had taken place in marine engineering had been sho'Wn in a 
gradual development of the simple type of reciprocating steam 
enginv. 'fhe growing knowledge of tlic theoretical principles in¬ 
volved in design, the higher standard of materials available for 
construction, and tlie steady improvement in machine tools, had 
enabled engineers successfully to make use of higher steam pressures. 
'Die advance marked by the successful introduction of the compound 
viigine about tlie year 1854 had been followed in 1881 by the intro¬ 
duction of the trlpIe-expanKion type of engine, and ilic three-crank 
design of the latter proved itself so fit a variation thsi it has sur¬ 
vived. uuclianged Ln all cs^ntiabi, to the present day. Tlnw 20 years 
ago the triple-expansion engine was in the position of rapidly super¬ 
seding the compound tyjie in Almost all seivices, and woe Iming suc¬ 
cessfully constructed to W'ork In conjunction with steel cylindrical 
boilera working at a pressure of 180 potimb per square inch; both 
engines and boilem being, in general design, not greatly different 
from those of the same type which are lieitig built at the present 
time. 

I can befit convey to you the condition of marine construction at 
the beginning of the SO-year period immediately under review by 
reoalUng some of the most notable achievements of that time. 


PRtKiBESS IK MA.BIKE COKSTBli'CTIOK—GBACIE. 

On the AtlanLic llio premier vessel was the Campania^ then i‘e- 
parded »a a ** monster ” ship. It was thought by many that the limit 
of size had been reached and that so large a vessel could never be 
made comiDercially successful. She was (500 feet in length, with ti 
beam of 65 feet and a deptli of 41 feet 6 inches. Her gross tonnage 
was 13,000, her trial speed 2i knots, and her horsepower 30,000. She 
was, of course, fitted with twin screws, and her engines were of the 
triple-expansion type, with five cylinders wwking on three cranks. 

The condensers were of cast iron, and, as was usual at that time, 
formed part of the engine framing. No arrangements were made for 
balancing the inertia eHects of the reciprocating partii. The main 
boilers were of the dmiblc-ended cylindrical type, with a working 
pressure of 165 pounds per square inch. They burned about 1^ pounds 
of roal per Indicated horsepower-hour and 460 tons tlaily. Of 
Cmnpania^t displacement 164 per cent was devoted to hull, 211 per 
cent to machinery, 144 cent to fuel, 4j per cent to passengers, 
stares, and water, and 11 per rent to cargo. 

The Cam^pimia carried 5T0 first-class. 300 second-class, and GOO 
thirel-cla^s pa^ngers. and a crew of 400, Her first-cla.^s piililiq 
rooms were aix in number j they occupied a total area of 9,214 square 
feet, or an average of about 16 square feet per passenger, wdiile the 
average stateroom area wB!j almut 17J square fret per person. The 
average number of persons per room was 3.2. Second-class passen¬ 
gers bad each but 8 Sfitiare feet of public room and 14 square feet 
of stateitx>m. 

Compared wltli the most modem vessels of large size the Caaipo^ti^ 
was shiiUow, the ratio of length to structural depth being 14.45. 
In consequence of her somewhat unfavorable proportions as a girder 
the scantlings of her gunwale and bottom had to be very heavy In 
order to obtain the necemary longitudinal strength, and it was Mine 
years before ships were built in whlcli the upper member of the 
strength girder wa.*i raised to s higher deck. The Kaiser Witheim 
der Gr&tse^ built in 189T, surpassed Campfmia in length by 25 feet, 
but olthough her sides amidships, ns in most subsequent veMBls, were 
plated one deck space higher than in Campanut, the plating was com¬ 
paratively light, the deck to which it extended was not plated over, 
and the top member of her strength girder remained at the upper 
deck, the length-depth ratio being slightly in excess of that of 
Csmpgnia. Her ocean speed was about knots, with 30,|IXI0 indi¬ 
cated horsepower. Her coal capacity was 4,600 tons. She had 
accommodation for 600 first-class, 300 second-class, and 800 third- 
class paasengersi 

In 1900 came the Deutschhuid, 663 feet in length, similar in appear¬ 
ance and stnictiir&l arrangements to her Immediate predecessor, her 
44(»ai*—au iwjt- u 
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length-depth ratio being over 15, and the main girder stopping at 
the upper deck level, 44 feet aboTc tlic keel. Her horsepower wtitj in 
the neighborhood of 35,000 and her ocean speed wna about 26J knots: 
capacity for 4,800 tons of coal wns provided. The engines were of 
the greatest actual dimensions reached in the reciprocating type, 
and were of tlie four-crank <iuadruple design. The Deut 9 th.l(ind 
accciminodaied 700 first-class passengera in 266 rooms, an average of 
alaait 2.6 persona per room: 300 second'Cluss, and 2i)0 tliird-class 
passeitgers. Luxuries were beginning to creep in, same of the state¬ 
rooms having a private hatliroom attached, while for the suites as 
much as £2 .'j 0 was charged for a single voyage. 

Ill 1001 length was incineased by 20 feet in the VeHic, built for the 
White Star Line: die was 6S0 feet in length, with a beam of T5 feet 
and a depth of girder of about 52 feet. In this- as in most vessels of 
the White Rur fleet, only a compuratively low speed was provideii. 
The ironsec|iient smaltnc^ of horsepower reduced both first cost and 
fuel consumption, while the fuller form gave roomier deck spaces 
and greater dead-weight cairying capacity. Since the total dead¬ 
weight was augmented and the proportion given up to coal reduced 
there was a t wofold increase in the weight of freight-earning cargo. 
Speed is an expensive item. On the length of fiSO feet a 10-kiiot ves¬ 
sel can carry 12,006 tons of cargo on an expendiUire of 2,000 tons of 
cotil over an Atlantic voyage, while an advance in speed to 22 knots 
would reduce cargo to 3,000 tons and involve a coal consumption of 
a^'iOO tons. lK>sidea increasing first cost by aboiit 25 per cent. 

Next year rnme /tmW Wilhfhn //, 664 feet long and -14^ feet in 
riepth to her nppor deck, but with her sides plated all fore and aft 
up to the level of a continuous promenade deck 8J feet above the up¬ 
per deck. Her depth of girder was thus 524 feet, and her length- 
depth ratio only IS. A better distribution of atnicliirol material was 
realised, and excessively heavy local scantlings were avoided. Be¬ 
sides having her mu in stnictural weights higlier than usual, she had 
one deck more above her main struchire than any of her predecessors, 
and these additions to the weight and height of her upper structure 
necessitated n corresponding increase in breadth, which was made 72 
feet, as compared with Campanitt^t 65 feet and D(^t*chlan^M 67 feet. 
Similar increments in transverse dimensions in relation to length 
have charactermed all subsMjuent advances, and the number of super¬ 
structures has steadily increased in order to afford deck space for 
the greater number of public rooms and more spacious cabin accom¬ 
modation by which each successive vessel was rendered more and yet 
more attractive /foMcr // had four engine rooms, in which 

were developed about indicated horsepower, and a speed of 

over 234 knots was maintained at sea. Her coal eapodty was 5,000 
tons. Aooommodation was provided for 770 first-class, *850 second- 
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clo^ and T9i> tliird-c:la£$ pa^&eng^?rs. Four bundre<l pounds waa 
eharjjfid for a suite of rooms. 

Tbe power transmitted per sbnft in this vessel was about S5 per 
cent gienter than in the previous unit, and two thrco-crank quadruple 
were to each line of shafting in order to reduce the 
dimensions of the cylinders nriii working parts, a sohetne wbieb lent 
itself untiirally to more complete Hubdivision into wateilight com- 
partments. This airnogenieotj which was also tried in some naval 
vessels, was, bowever* not t^peated in later practice* The machinery 
of this aliip eierts the Isrge^it power gf any instslbtion of reciprocat¬ 
ing ctigines in the merchant service^ the next advance in total effort 
being with turbine machinery. 

'\\'‘ithin the next few years there appeared the Cedric^ Am^riA-a^ 
and Iim^rin Auffiiitta id] about 6S0 feet in length, and ear- 

rvlng ?^till further tlie development in number and extent of .'Ujper- 
struclureSy pubHe rooms, and luxurious cabin accommodation. The 
Am^HAa hud sis decire above the water line, ag compared with Cum- 
V four* In none of these vessels was high speed attempted. 

The further development of the reciprocating engine since the be^ 
ginning of the period under survey has bwn in the use of still higher 
initial pressure and in the extenEion of the rang% of useful pressure 
!n tlie quadruplc-expanEion type of engine. Tlie use of higher pres* 
-iure followed nnUirally upon the succe^ of the triple engine, and 
for pressures above ISO pounds per square inrli the quadruple typo 
became necessary in order to take the fullest advantage of the lu- 
rreused heat energy available in the steam* 

Compared with the gain in fuel et'itu^ainy effettted by the triple¬ 
expansion over the compound engine, the further improvement due 
to the iucrensc in steam pressure to 315 or 2350 pownds is naturally 
aiiiull, 1>eing about T to S i>er cent, and against this has to be put the 
increased vreight^ cost, and upkeep of the quadruple type. For sliipa 
trading on long voyages^ and more especially for pas5?engrr ships, or 
large tinit3+ where a four-crank engine would be fitted in any case, 
on account of its greater smoothness in nmning, the quadruple enging 
has now superseded the triplc-expandoii type; but in the co^e of 
cargo carrier^ wliore low Bmt coat and easy Hiporvision are primary 
conditions* the triple engine still holdia its own. 

In the essential design of the reciprocating main engine, improve¬ 
ments seem difficult to attaim Some changes, hoiLvever* may be 
noted. Condensers are now usaially kept separate from the main 
framingt and, in order better to withstand extremes of temperatiiret 
are frequently constructed of mild steel, instead of being oast as 
fonnerly; much more attention is also given to their design, witli 
a view- to iiuprove tbermol resulta. Air pumpa have been improved 
in design, and in most large or fast-running maehinety are aow^ 
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fitted Mb sepamte ftuxilu «7 engijjeSt msteati of being di-iren from 
thp ofUGsbeads, AttentioD haa been directed to devieing tneatifi of 
Imlancing tlie engines in order to reduce vibration troubles. Tlie 
first attempt to solve tbe problem of balancing was made by Sierra. 
\ arrow, and the method knowo as the Yarrow^Schlick-Tweedy sys* 
tern is now adopted in most engines of tlie four-crank tj'pe. This 
method Consifita in arranging the relative positions of the various 
reciprocating und revqlring niasses by adjusting the angles between 
the cra^s so that tlie inertia effeets are reduced to a. minimum. 
KMluction in fuel consiuuptiou has ticcn obtained by the eollective 
effect of a number of small savings; by the unproved condenser and 
air pump; by the utiliaation of tlie ausitiary exhaust for feed heat¬ 
ing ; and by heat economy in various ways. 

In the constont endeavor to provide greater intensity in power pro¬ 
duction, increase in piston speed and rete of revolution has been 
achieved through experience in design and a better quality of mate¬ 
rial and workninnsbip; hut where conditions of exceptional power, 
or lightness per unit of power, or both of these, have to be considered, 
the limitations of the reciprocating type of engine liecome apparent. 
In addition to the difliculti^ of conetruction and managomeDt of 
very large units, the reciprocating engine had, a$ already remarked, 
reached a point wliere furtlier iniprovemcnt in steam oonaumption 
was not easily attained, wliile further retluction in weight involved 
increase in speetl of rotation, with its attendant di^culties. Thus the 
Introdnction of tlm steam turbine proved opportune, by providing a 
way to further pregress in economy, lightness, ond the construction 
of very large units, wlnle at tlie same time eliminaling vibration 
troublfei and relieving difficulties of engine-room rrniT>ag<. nn» n t. 

The turbine entered tlie Atlantic lists in 1905, when the Vkt&rian 
and f iryinim, 520 feet in length, took up their stations, and in 1905 
the OoO-foot Carmonia also used the new motor. 

The 70O*fool mark was passed in JSMW by the bnUdiag of the mite 
Star liner Adriatk, TOO fret by To feet by 50 f«t, with twin-screw 
quadrupl«M!xpan5ion engines of about 15,000 indicated horsepower. 

Her srpeetl was but 15 knots, and she eatried 450 first-'class, SOO 
second-class and 1,400 third-dass paBsengers, 2,500 icms of coal, and 
6,500 tons of cargp. Of her total displacement, huU claimed about 
56 per centj machinery, 10 per cent* fuel, 8 per cent; cargo, 2i per 
rent; passengers, stores, and water, about 5 per cent. A comparison 
of these approximate figures with those already given for the < 7 * 011 - 
panin shows that, per annum, the Adriath could carry twice as man" 
passengers and tliree and a half times os much cargo per ton of fud 
os the Cttmpama, This well illuatrates the cost of speed and iuat' 
fiea the enhanced rates charged to those ovailing theias^ves of die 
faster vessels. 
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The tarbinfi, havinij proved its worth in the realm of bigii power 
and fast stcaminnr, was boldly adopted by the Cunard Co. in the 
Lv^tania and .l/our^fonio, btiiit in 1997. These vessels surpOKSed all 
others, witli a length of 760 feet, SS feet of beam, and 60| feet depth 
of ^rder. The girder ratio was thus about ISii, and for the first time 
high-tetisilc stcei was utilized in tJie upper member to meet the 
higlicr stresiJes, Some lighteuing of structure was thus obtained. 
These ships were the finft mercantile vessels to have four lines of 
sliufting, and praetienlly the whole «f the vessel’s length was occu¬ 
pied by boilerE, machinery, and fuel. About CS,000 horsepower was 
developttd, and an ocean speed of between 25 and 20 knots regularly 
maintuiiicd on an espenditure of allout 5,000 tons of coal i>cr voyage. 
.VlLlioiigh already surpu^d in dimensions, these two vessels retain 
their supremacy in speed uncJuiLjengcd. 

Ill IMS a further step was taken with a view to soeuiiug a greater 
reductioD in steam consumption per effective horsepower. This eon- 
sisted in the combined use of the red procat iug steam engine and 
turbine in order to retain the low ^>eed «f revolution of the recipro¬ 
cating engine, with its accompanying favorsble propeller efficiency, 
while ut the sumo time effectively utilizing the expansion of the steam 
to the condenser pressure. Tiie first ship to he Ums fitted was the 
Otakty n vessel of 4t54 feet in length and about 9,1)00 tons dead weight 
capacity; and a coniparison of this ship with a aster ship fitted with 
ordinary twin-screw quadruple-expansion engines showed a differ- 
enoo of about 20 per cent in steam consumption per effective horse¬ 
power In favor of tlie comhimttion typie of machinerv. 

The system is principally suited to vessels of fairly largo power, 
moderate speed, and for isorvicc on long voyages. Tlic usual practice 
has been to fit the reciprocating engines on tlie wing shafts, and 
the exhaust turbine on a center shaft, an arrangement being made 
for exhausting the steam from the reciprocating engine direct to the 
condenser, and tlvus cutting out the turbine during maiieuvering. 
Combination machiiiciy, as compared with all reciprocating machin- 
ciy, involves more complexity and cost, and a slight increase of 
wdght in tlic engine^ room; but the improved economy renlizabla 
allows of reductions in the boiler capacity and in boiler room and 
fuel weights, which more or less compensate for this. The itifluMiee 
of the lost item is dependent on the length of voyage. 

In 1911 a length of S50 feet waa reached in the White Star liner 
Olympic, This luxurious vessel measures 852 feet by 92 feet by 64 
feet, and has a speed of 21 knots with 46,000 horsepower combinatioti 
machinen' driving throe screws. She carries 735 fii^t-clui^ 674 second- 
class, and 1,026 tlurd-class passengers, and has the following public 
rooms; Gymnasium, reading and writing mom, lounge, smoke room, 
veranda and palm court, restaurant, recaption room, dining saloon! 


694 


AJTSUAL HEP08T SinTHSOSMS’ lySHTUTIOS, 1013. 


ra(^uet coi^, swioming bath, and Turkish batliR Each of her finest 
suites consists of sitting room, two bedrooms, bathroom, and clothes 
rooms, and occupies 800 square feet or 160 square feet per peraon ac- 
iTOfDmodated. 

To-daj the largest vessel afloat is the /mpera/or, S30 feet by 90 
feet by 03 feet Her girder ratio is 10.7, ami ahe has eight decks iiWve 
lier water line. With 1>ot!ers of the Y'm-row type and turbines of 
m/m horsepower driring four shafts, she has an ocean speed of 
knots. She carries 900 fiist-class, 800 second-class and 2J00 
tliird-class passen^rs, with a crew of 1,300, or 5,400 persons in all. 
Her Qccommodatioii is the latest word in spaciousness and luxury. 
For (im-cbsa passengers there are two large and three smaller dining 
saloons, restaurant, grillroom, ladies^ room, bat boom, winter garden, 
smoke room, gymnasium, swimming bath, and Turkish baths, the total 
area given up to public rooms being 36,000 square feet, or about 40 
^uare feet per passenger. She has 4-16 first-class staterooms, tnelud- 
ing 12 suites, the average number of |)ersons |)er room being thus 
practically two, and the average room «rea 80 square feet per person. 

in ijie all-turbine io^allaticiti for tlio merchaTit sen^joc the turbines 
have been mostly of the compound type—that is, with ihe .steam pas®- 
mg t irough two turbines in series—the usual acrungement being a 
three-shaft one, having one high-pressure turbine and two low-nres- 
sure ^bmes, with the exliaust from tbe high-pressure turbine poss- 
mg through the two low-pressure turbines in paralleL Only in some 
few eflj^ has a twin-aerew arratigement been adopted-that is, wiUi 
the high-preasurc turbine on one shaft and the low-presmrre turbine 
<iii the otJicr—but a similar arrangement, duplicated, has been applied 



*t dll ' t t i." ” t-ho Steam eeonomv 

the alUturbine syst^, a further development has been introduced m 
same recent ships of large power having a four-shaft arrangement, by 
pa^-ing the steam through three turbines in seriesi The stSm poU 
^ugh the high-preisure turbine to the iutormediatepressure tur¬ 
bine, and then through the two low-preuiure turfiints in parallel, 
there being one turhme on each lim. of shaft. The result of tliis is 
that for the rame overall length of eadi turbine unit (« matter of 

of rows of blades and a condition of improved cflicicncv is 
while 0 reduction of tbe blade leakage b obtained, duelo tfe rdf’ 
tivoly .f bk.!, « «„p.re<, ,ith ,h, dtera.(iv. iw^ 

.,r.i.g«i.cnt «.•» .»,««„ Ihc r..,^ „f ,, ,hid. n .Jl™ biw 

set ran aueeessfnlly compete with the reciprwatifur enm.,. S t 
sliips with turbine niadiineiy of this tb^-serie<f ly,^ havi^Itely 
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been put on service, with very siilisfdctory I'esults even at coiupam.- 
tively low speeds. 

The rapid development of the large. Injurious and fast liner which 
1 have jnst traced has been due to the exceptionally favorfiible condi' 
lions of the Atlantic route. Here there Is a large and steady streiuii 
of passenger traffiCi a demand for expensive and luxurions accomnio- 
dntion, and a comparatively short distance between terminal, Fuel 
of the best tjuaiity can be readily obtained on both shores. Upon the 
other gnfut ocean highways of the world these advantages do not 
exist. The Pacific lano from Vanoouver to Nagasaki is 07 per cent 
longer than that from Liverpool to Kew York, Vancouver tip iiel- 
hotirnc 146 per cent longer, London to Alelhfuimo 315 pci- cent, and 
Southampton to Cape Town P5 per cent. Neither Japanese, British 
Coliiniliian, Auatraltan, nor Soutli ^tirican coal is etjiial to Welsh cool 
in caloriHe value, but on the Pacihe oil fuel b easily obtained, find Ls 
already beginning to be largely used. In no case does tlie volume of 
passenger traflic appivnich that across the Atlantic. As a consequence 
competition b less keen, tliere are fewer vessels, a less number of voy¬ 
ages per vessel, and the vessels themselves are smaller and of Itss 
speeil. Nevertheless considerable progress has been made in sla*, 
accommodatloti, comfort, speed, and economy, aUhougli the advance 
in speed has not been so marked as that between Britain and America. 

No le^ interesting than re^ls of the liner class are those 
saiallcr passenger carriers known as cross-channel steamers. Be¬ 
tween different ports in the United Kingdom and between British 
and continental ports there has always been a large passenger trafne 
and tlie competition between tlic various roiiway and other eom- 
pufiics has developed a largo fleet of small vessels, whose speeds vie 
with those of Atlantic liners and whose spcfKl-length laiios, or raiioe 
of sp^d to square root of length, are generally in exce&s of liner 
practice. 

The conditions of tlicsc crosa-chaimd services differ materialiv 
from those of ilic liucrs' routes. The distnticcs arc much shorter, 
ranging from 31 to 130 miles only, and tlie number of times tlie 
vessels enter harbor is much greatei’. 

Tlie quantity of fuel which must lie carried is therefore much less, 
and economy of consumption is relatively of smaller influence. It 
is of greater importance to keep down tonnage, to save dues, and to 
reduce weight wherever possible in order to obtain high speeds upon 
¥mall dimensions. Very few of the vessels are classed, and tlie 
scantlings in all cases are kept ss low as possible. In manv cases 
harbor accommodation imposes severe restrictions upon length and 
draft. 

Twenty years ago the majority of these vessels were paddle steam¬ 
ers. These were gradually replaced by twin-screw sieamers, and 
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thcs*} ugain were auinsiwiled by turbine-propelled croft, which to-day 
are pmctieally unirenuil in the channel sort ices. 

Tvpicnl vessels in 1893 were the paddle steamer CUtloin Dovtvtet 
IInd the twin-screw 

The DaHvra was S9i feet in lengthy 3fi feet in breadth, and 

14 feet deep; of 1,030 gross tone and 6,000 indicated horsepower, she 
had a ^ee<l of 20.64 knots and a speed-length ratio of 1.15, 

She was unclassed, her hull weighing S05 tons and her iiiachinerv 
650 tona—OJ indicated horsepower per ton—and slie carried 10.1 totis 
of coal. Her displaremcnt was made up tis follows: 


MAclilngry- _ 

Ctwj __ r. .!_ 

PBftaen^eri. irtoren, iind wrtier. 


too 

Her awonunodation conids^ed of 10 deck staterooms, furnished 
with sofa.s only, and large, open saloons below deck. She carried 
nfSO firstuDcj 30Q fldv 

The lieHy of 1,062 gross tons, measnml 265 feet by 82| feet by 
15J feet, and with 4,200 indicated horsepower realized a spred of 
10.37 knot^ the speed-length ratio being 1,19* Her machinery devel¬ 
oped 10} indicated horsepower per ton and her weiglits were thua 
distributed; 

HttU_ 

MftcJjICipry^^_ _ _ 

c«ii— 'j r 

FRSWDtrcrH, alur^ ftad w4Hec_,_ _ 


Her ac«^n,odation coiu^ed of two private cabins and a number 
of open saloons with sleeping accommodation on sofa bertha. She 
earned 292 6rst*cla^ and 265 second-class day pa.ssengera. 

Otlier notable veswls of this period were; 


i^r renl^ 
— 00 


-- do 

- 4J 

-- St 



During the succeeding lO years many other similar vessels we«. 
put into semee, tlieir lengtlis ranging from about 270 un tn am #!!! 

.od «.«ir •!>«* 1» t» 2* knou. Th, n,„ark.bl, ™ih™ 

»<re perhaps the feur sereir lUeamere Cc^kt, Un^„ ^ 
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and VUter^ which, o)i h length of 360 feet, attained a speed of 34-^ 
knote, « speed'!co^h ratio of 1-28, and die Ernffrett still the 

largest paddle vessel in this country, 360 feet in longtii and of 2li 
knots sjieed. 

In ID03, encouraged by die success of the turbine steamers King 
Edvard and Qiuen Aiixandm, built, respectively, m IHOI and 1002 
for service nn the FirtJj of (^lyde, the Bret tiirbino channel steamer, 
Tftt WAS placed on the Dover-Calais route. Tins notable ves¬ 

sel. 310 feet by -10 feot by 2fl feet, of 1,CT6 gross tons, has turbine 
machinery of libout 8,900 horsepower, and attained a speed of 21.8 
knots, equal to 1.24 times the square root of her length. In the same 
year die turbine steamer Erif/htony 274 feet in length, steamed 21.37 
knots, giving a speed-length ratio of 1,20. The suctsfss of these two 
vessels led to a rapid devdopment of turbine propulsion, and the 
almost total Hhandonment of reciprocating machinen’ in the channel 
services. In ltM>5 the Princesn Elisabcih, with turbines and water- 
tube boilere, made 24 knots on 357 feet, and the DUpp^y with turbines 
ond cylindrical boilere and closiied at Lloyd’s, brought the speed- 
length ratio up to 1.31, with 21.65 knots and a length of 274 feet. 

To attain high speeds in relation to length, having of weight is of 
vital Importance, and the advantages of water-tube boilers in this 
Ttspeci are considerable. All that prevented their more general 
adoption was their lack of robustness and the greater care and skill 
required in handling them, as compared witli the well-tried and 
well-known Scotch type of steam raiser. By their use in the tur¬ 
bine steamer AcusApren, built in 1910 as successor to tile Dieppe, a 
trial speed of 23.85 knots was obtained on a length of 202 feet, the 
speed-length ratio being raised to 1,4, This result was made possi¬ 
ble by the e,vtremc lightness of the machinery installation in relation 
to the power developed, 13,000 horsepower being obtained from a 
weight of only 600 tons. Tbus ^ shaft horsepower w'as developed 
per ton, about two and a half times that obtained from paddle ma- 
chineiy and double the output of twin-screw reciprocating engines. 
The displacement of the Eewhatfen was 1,510 tons, only 200 tons in 
ex<?ess of tbnt of the Di^ppe^ althaiigii the later vessel 10 feet 
longer and twice m powerful* 

The outstanding difficulty in applying the steam turbine to marine 
propulsion has always been that while high speed of rotation is n&;ea- 
sary to obtain ihG maximum turbine efficiency, tbe propellers are mosi 
efficient at very much lower speeds* Electric* hydraulic, and gear- 
wheel IransEUj^lon have each been used to combine a high-sp&ed 
turbine with a slow-running propeller in order obtain the maxi¬ 
mum efficiency of each. 

Where a suitable gear ratio can be adopted, tiol only can improvi>d 
propeller efficiency and decreased oonstimption of steam per unit of 
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developiid be obC&iiicdi but It is pcssible^ by OTeispeediug the 
turbinei at full power, to lunintaui the economy over a larger rtuice 
of the ship's speed dian coutd be done with a. direet-coupled turbine. 
^ ith tliegear-wlwel method of speed reduction a considerable auiaunt 
of experience has now been obtained, and up to the present time two 
small caigo TesseJs and seven crosa-ehannel steamem have lieen put on 
ajirice, while four sets each of about 12,0CH1 horsepower are under 
construction, two for ocean liners and two for set*ift coasters. 

In 11>1I the channel steamers iVorin^ttnia and I/ant^/nio were each 
fitted with four turbines, two running nt 2,000 and two at 1.41)0 revo¬ 
lutions, and connected by means o^tootljed•whec1 gearing to two pro- 
peller sliafts running at 310 revolutions per minute. The osperi- 
inent was u notable auccess, the coal consunied iier trip being only 43 
ions m compared with the 70 tons used by the immediately preceding 
vessels, which were of the same capacity but propelled bv dii^t- 
iitivtn thrw-screw fiirbinos. 


I-tLst summer the cliannd steamer Part«, 293^ feet in length and 
having geared turiiine propulsion, attained the remarkable speed of 
2.i.07 knots on a run from Newhuven to Dieppe, the speed-length ratio 

working out at K47—a result which has only been surpassed bv tor- 
peclo cruft. 

The introduction of tixithed gearing for the main drive has been 
looked uimn by many os a retrograde step. The conditions nn;, how¬ 
ever, m no way similar to tbtu« in which formcrlv gearing up was 
necessary, and where n very varialile turning moment in tiw recipro¬ 
cating engine bad to bo contended with. The loss in iransmii^on is 
small, being probably not more than 3 per cent of the power trans- 
m.tt^, and ihe wi.^ar tu, the teetli is inappreciable. Some objection 
has b«n rateid to the noise caused by the gearing, but, akbough 
Ilouljt not b« bilcat as the direct-ilnven turhine, the gcnrcil-turbi^ 
ludaUaticn can compare favorably with the reciprocating engine in 
this The actual vibration trunamiUed throiigif the*°strnc- 

ture of the -diip is inappreciuble; the effect of the gearing being fSt 

«»nni illf, 2<l thif wm 
be reduced to a nimimnm with Uie more accurate methods of gear 
cutting ntently introduced. ® 

The large speed Ruction which eon l*e effected iiinlKs the system 
silt able for ship of low speed and moderate power, and it is almost 
rertoin that this method will greatly extend the nsefulmss of it! 
steam turbine for marine prnpulBii>n. 

In Germany the hydraulic transmitter invented bv Dr ITnii:.. 

hj. ...ely d.,dop«.. Tho prinripb ,1,. ‘S 

Of combmii^. U b^h-siieod turbo-cemrifugal pump with a wate! 
turbine di'signed for a lower sp«d of revolution. The foTml! 
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is coupled dfhict lo die steam turbioe und the latter to the pro¬ 
peller shaft, the pump and water turbine being placed in one casing 
and so designed that the frictional and eddy losses are reduced as 
far as passible. Some small instaliations hare been fitted for marme 
purposes, Q transmitter haa been tested with n load of 10,000 shaft 
horsepower, and it is proposed to fit several lai^ German vc^els 
with tlio sj'stem. A transmission efficienev of about DO per cent is 
daimed «t full load, with a slight tvductioii at light loads. The 
ratio of primary to secondary speed is normally about 5:1, but trams- 
mitters could be designed for larger ratios. 

Electrical tratismission iias now been applied to several vessels. 
Altemati^'e schemes have been tried in which I be power is generated 
by ^enm turbo-gcuerntors, and by geuerators driven by Diesel oil 
eugincs, and applied to tlm pi^ipdkr by alternating-current motors. 
Considering tlie transmission dliciencies likely to be attained umi 
the increased weight and initial ct>3t of the installation, It docs not 
appear probable tiint a system of this kind will be able to compete 
successfully, iit ordinary coses, with the direct-driving engine or 
m(!ohanifall.v geared turbine. Where, how'ever, power has to be 
proiided for other than propelling purposes (in which case the same 
generating plant could be available), it Is possible that this system 
would have advantages. 

Within tlje period under review, vessels built solely for the purpose 
of cariying cargo have undergone notoble deveiopment. Tlie prin¬ 
cipal object of the owner of fuich vessels is to secure improved econ¬ 
omy ill each successive adilition lo hia fleet, speed and accommodation 
being secondary considerations. And here again I have die same 
story to tell-^he story of increase in dimensions and of reduction in 
fuel commmption in relation to work donu^ 

The foUow'ing table shows the steady advance in the vesseU of oiio 
well-known line of ciirgo tramps: 

Toii^ ttetd-VBlallt. 

1805--, --- . a, .|0li 

tSDD--- - -___T,E00 

1005------- -- 8^2f)U 

1912----- 

-------- BLOIXI 

The sjieed has remained practically constant at 11 knots, but irhilc 
' the 6,40(l-tou dead-weight carrier of 18&5 developed 1,400 indicatctl 
horsepower and consumed 34 tons of cool daily, her successor of to¬ 
day can carry 9,600 tons and steam at the some speed on an expendi¬ 
ture of only 82 tons daily for 2,300 indicated horsepower. Fifty 
per cent more dead weight is carried and 64 per cent more power 
developed, but only 33 per cent has been added to the coal accouut. 
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The coal ratiJ hus fRlkn froni 1.^ pounds horsepower per hour to 
L3 pounds while for a S^OOO-mik voynge tlie dead weight hurried 
per ton of coal has increased from 23.5 tons to 26.4 tons* 

Kapid loadiiig and discharge of cargo are of vital importance to 
the tmmp vei^!^ and it is evident that the less the cargo has to l>e 
moved hori^tontally along holds and 'tween deckH before coming 
nnder the hatchways to he lifted, the more rapidly can it be handledp 
Hutches have therefore increased greatly in sisce. and in .■jonic vessels 
me now almost continuoxis. and in breadth nearly equal to half the 
beaim With the sianie object of facilitating the passage of 
cargo io and from rhe hatchw-aysj hold pillars have almost disap- 
penreH.!. and in place of the double row of slender plUai^ at intervals 
of about 4 feet* we find large open holds and decks supported by con- 
tinuoiis longitndisuil girders under the beams and four large plate- 
and-angte pillars only* 

Tlie steam winefi still reraHiiis the best meaiiB of handling cjirgo^ 
being more robust and less complicated than either ekrtrie or 
hydraulic plants. The winches thcmselvea have been greail}' im¬ 
proved, and instead of a single 6-inch by lO-inch winch ttt each hatch 
and chain falk we find a pair of 3-inch by 12-irich maohin^fe with 
helical gearing and wire-rope pendiints. The uoitnal derrick is now 
of steel tube for a 0-toii lift in place of the old 3-toii wood derrick, 
while a Bpecial steel derrick at each end of the vessel can handle a 
load of 30 tona. At the same time the siae of the drums has in- 
crcfijieil from 12 inches to 24 inches and the working pressure from 
50 to 100 pounds* larger wearing surfaces huve been provided and 
locomotlve^type valves fitted, so that the cargo winch of to^dj.j is 
not only more powerful and more rapid tlian its predecessor, but has 
also greater immunity from breakdown. 

Crews^ iiccommeidatioii has been greatly improved. Comfortable 
me^ rooms arc now provided ■separately from sleeping quartersiii 
galvanized-iron berths have replaced wo^en bunks; steam heating 
and stoves are provided; each man has a locker fitted with drawers 
for his clothes? and hia client goes to n separate .storeroom; there are 
plunge and shower baths for seamen and for firemen as well as for 
the captain^ olficer$^ and cugmeers. and a wclUwjuippe^l hospital is 
provided. 

The triple expansion engine htill holds its place in the engine room 
of the cargo tramp. The fourth cylinder of a qutidniplc engJnt 
would mean additional compUcation and one or two additional engi¬ 
neers Three main boil&ni of equal si^ are used* two under forced 
draft for propulsive purpoasi, the tliird under natural draft for 
dealing with cargo and to assist the others in cases of euvereenev 
^vhen ft little extra speed b Cftlled for. ^ ^ 
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In comparUon with tlit 1,000 tons of coal consumed daily by tbo 
swift liner, the 30 tons of the cargo tramp appears so small that it 
would seem hardly worth while to attempt to reduce it; but the one- 
half pound of oil per brake horsepower-hour of the Diesel engine, 
together with the saving in weight and space and in time for bitnker- 
iijg, is already attracting the attention of the owners of cargo 
vessels, and the economy of the geared turhino proposition is also 
being considered. 

in numbers and dimensions there has been a rapid development 
of vessels built for the carriage of petroleum in bulk. In 1893 
Lloyd's Kegister contained the names of 47 vessels engaged in carry¬ 
ing oil cargoes, and IT were in course of construction. The largest 
on service was the Fwr&o, 350 feet in length, and capable of carrying 
5,000 tons of oil in bulk. To-day there are 370 oil vessels on the 
tegister, the largest being the San Fraieinto, 530 feet in length, and 
loading 15,700 tons of oil 

Vessels specially fitted with refrigerated holds for the carriage of 
perishable cargoes, such as fruit and meat, have aL?o been greatly 
developed and improved. 

Tlie steam yacht hns passed through structural ^dianges no* dis- 
gimili^ r to those winch have affected mercantile vessels. Dimensions 
have generally increa.sed and superstructures have been added. The 
weather deck is now higher above water, and the principal accommo¬ 
dation and public rooms arc carried out to the shipV side in place of 
being confined to a long deckhouse. Turbine propulsion has in 
many cases been adopted with success in place of reciprocating 
engines; 

1 regret that writhin the limits of the time at my disposal this 
evening I can not. refer in- detail to many other notable changes 
which have taken place during the past 20 years, such as the disap¬ 
pearance of the Bailing ship, the wide application of engine power to 
fishing boats, barges, and other smoll craft, and the remarkable 
performances of the hydroplane boat* These would of themselves 
take up an entire evening* 

With regard to the changes in boiler design and coRStructitm, these 
have been small* The cylindrical boiler has remained almost un¬ 
changed in general design diu-ing the last 20 years. Boiler shell 
plating, owing to the higher pressures now adopted, is much heavier, 
and where weight is a consideration is often of high-tensile steel. 
Boilere of the water-tube type, which have entirety superseded those 
of the cylindrical type in warships, have made but little progress in 
the favor of the average shipowner, and have been adopted only to a 
very limited e.vtcnt in merchant ships in this country. Recently, 
however, their great advantages in lightness have secured their adop- 
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tiun in several t:hannel steamers, and some amall Austmlian vessels 
httvp been Bttecl with boilers nf she Baljcccrk-Wileox type. A con¬ 
siderable departure has been made in the fitting of the large tierman 
Atlantic vessel with boilers of the Yitrmw type? and in a 

iiLTge liner at present under coni^truction on the Clyde* Babeock- 
Wilcox Water-tube boilers are being adopted^ 

The inerensing cost of fuel, and the TOJiiomj obtiilnable by the U:^ 
of superbcateF.l steam, has tended to bn>ilvn dei’clnpiuoni in that (Jirec- 
tioji, and a fair number of ships, including the liner uniler construe- 
tioti^ just referred to, are being fitted with superbeater^. A soving 
of 10 to 15 per cent in fuel consumption has Itfon sho%n to be pos- 
^bte, nnd it is likely timt siiperlientiug will lie much moiv wiilely 
adopted in the near future. 

^\ith regard to the gain in fuel eeonoiny, brought about by the 
developments which have taken plnceT it U difEcultp owitig to the 
varying fuctors mvohedj to slate Uiis in general termsp Average 
values* however! are given in the table opposite- 

The problem of mechanical stoking^ which has lieeri sucees^jfuUy 
solved for the less severe eonditious of land practice^ ^ill nwaits goUi- 
lion os regards conditions adoat^ Ideal conditions in this respect 
would be more easily renebed by the extended u.^ of liquid fuel* the 
advaitt;iges of which arts obvious. Much progr^ has been made in 
j>erfeeling apparatus for the proper coinbiLMion of oih and its use 
would very rapidly be extended, but for tbfs suffident reason that the 
prt'sent relative prices of oil and roid are sfiich flf> to make Ibe it^e of 
oil for bumiitg in furnaces, except in specially favorable instances, 
out of the question ccunmercially. On the genctul economic <|uestiou 
of ilie oil supply depends also the rate of fill lire progress of the huge 
interim] combustion engine* the latest development in marine engi- 
nearing. 

The application of the iatemal^ombustion engine to marine pro¬ 
pulsion is no new development, amall engines having been conistmetcd 
for this purpose more than 20 years ago. During the lost decade, 
however, rapid progress hoB been made with small engines using tlie 
lighter petroleum spirits and oils, and the extent to which the eteatn 
engine has been superseded in small craft* such as launches and pin¬ 
naces^ is apparent- For this class of work the small weight and bulk 
of the internal-combustion engine and its general convenience ore 
such as to mate the steam engine almost obsolete. Tho problem of 
producing a reUablo engine of the Intern a I^combust ion type of larger 
power, without undue complication of design, and suffieiently low 
vn first cost Mid maiDtenanoe to be able to compete aucceesfully with 
the steam engine or geared turbine, is a much more difficult one- 
Much esperimental work has been done with this end in view, and 
there are mmy attractive possibilities. 
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Comfort oil shipboiird Uai; vastly improved (luruig tlie past 30 
years. Spring mntti'esses and brass bc<Meads have replaced tlie old 
wooden bunks, improved systems of heating and ventilation have 
been introduced, sanitary arrangements are greatly superior both in 
quantity and tu quality, while Uie furnishings of the public 
apartments and the attructions of the dining saloon vie rrltit those of 
the iiniist hotels on shorOi Third-class passengers have now separate 
cabins for four, six, or eight persons eocb, in place of large open 
‘tw'cen-dcck spaces tilled with tiers of iron beds and accommodating 
hundreds. In place of benches and tables nloi^ the sides of the 
sleeping qimrtcrs. separate dining saloons, iemoke rooms, and mttaic 
rooms are provided. 

An tiro] ling devicea have been greatly developed. The use of free¬ 
water chombei's, first suggested by Sir Philip Waits in 18TS, and 
adopted in H. if. S. InfieaibU and the City of Paris, has been rein- 
troduced on an exact scientific bonis by Mr. Fmhm, while ilr. Schlick 
in Germany, and ilr. Sperry in America, have successfully applied 
the gyroscope to the reduction of rolling motions. 

Wireless telegraphy, introduced in 1896, is now fitted in over 1,800 
ships and 270 shore stations. By its agency each steamer can keep 
in direct touch with her sisters or with the shore. Already this 
power of communication over long distance has proved of inestimable 
value to vessels iu distress by enabling them to summon immediate 
assistance. Wireless telegraphy is probably the greatest boon ever 
given to those in peril at sea. 
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As a prevailtiv« submariDe soiind-aignaliDg bus pnoveii 

itself to be of inu^iense vfllue, espeeiully whero the uiariner ii aur- 
riMiDdad by his most dangerous cneroy, fog. It b well knctva tliat 
during fog both light aignnb and ordinary sound signals become 
very imreliable, whereas the state of the atmosphere has no efFccl 
upon liioiiiids transmitted through the i>ea- The first submarine bell 
was installed in IDOl, and to-day there are about L4d fixed hcU sta¬ 
tions and over 1,000 vesseb fitted with Lbtening apparatus. 

The important questions of freeboard^ subdivision* and lifeboat 
accomitiodation have all received a considerable amount of attention 
in recent years, and special committees have lately l}een appoiriUHl to 
investigote each of these intricate problems, so that nothing that 
human skill can devise may be left undone to secure the safety of 
human life and property intrusted to the vessels of otir mercantile 
marine. 

The 1S&£ huDdvead committee set as its highrat standard the ability 
to remain afloat with any two adjacent compartments simuUaneously 
flooded. The Oampania was one of the first vessels to comply with 
the conditions laid down, and the Sc&i was alw a two-compart'- 
merit ship, fiince that date not many ships have fully met the 
requirements, which were found in most cases to interfere too much 
with passenger and cargo facilities. Tlie new t*mrpr^s»i'« on service 
in the Far Eiist and tho new Allun Liners have been made into “ fotiV' 
compartment '^ vessels, and it is more than probable that the new 
bulkhead committee will set a higher standard of safety than its 
predecessor. 

One of the most appalling dangers at sea is tliat of fire, and in 
recent years many new systems of meeting this emergency liave been 
introduced. The now universal replacement of candles aud oll- 
Ulumination by electric light has eliminated one of the most frequent 
causes of confiagration, and should fire occur, ^^tems of piping 
led into every part of the ship can quickly conrey water, ^team^ 
carbonic-acid gar>, sulphurous vapor, or the exlmust gases from the 
funnels so as to deprive the llamKj of the oKygj^n which is their life. 

In the course of my remarks I have made no refereuise to failures, 
as these have been but rare among so many notable suceesses. 3fever- 
theless much has been learned from failures, as each one, if read 
aright, indicates sometbmg to be avoided in future work. The solid 
progress recorded, with but little assi^ance from that mauual labor 
which to-day claima to be the sole producer of wealth, has been the 
inevitable result of the persistent intellectual effort, amounting at 
times to genius, of the many men whose names are as household 
words among us and will live imperis^hably in the annnU of oiir pro- 
fes^on. It is impc^ible to review the histon'^ of marine construction 
without being forcibly impressed by the greatness of the debt we owe 
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to such men ds ilaines Watt, Scott KusselK Brunei, John Elder^ Sir 
Williiim Pearce, Sir WiUium White, Dr* Elgar, the Froudes, the late 
Dr* Denny* and mimy others who have pasfied a^vay, as well n5 to 
the Hon^ Sir Charl^ Parsons and others who nro still fellow 
workers with uel Active and during ml nek have ever been questing 
forward* and no oppartnnity for advance, no probability of new 
deA^clopmcfit, has l>een allcpwed to pasa without Uiorougli sifting and 
examination* The needs of the coming years have been anticipated, 
the engineer has ever been hi the van and not in the renr of material 
progress. We hrtve seen how tlie occjin liner has yteadily advanced 
ill dimensions and speed. The only apparent obstacles to continued 
increase are those connected with finance and with the sizes of docks 
and harboi-ft* In view of past experience, he would bo bold indeed 
who would place any limit upon what the fiihiro will bring forth. 

[Tlse piiesident, in moving a vote of thanks to the lecturer, 
marked that his subject was a national question of vital importance* 
The growtli of British oversen trade during the past lO years had 
been phenomenal, having now reached, according to figure^! given by 
the First Lonl of the Admiralty a few days ago, the enornious sum 
of Ho.^jOOOjCW sterling per Jitinuni. Such figureii indicated the great 
impoilaijce of the subject with which the lecturer had dealt so 
exliaiLstively, and he Iiad the greatest pleasure in propo^i^ng a liearty 
vote of thanks to Hr* Gracie for his exci^llcnt and instructive let:tiiii‘* 

Sir John Wolfe Barry, K. C. B., past pmident, i^aid he felt greatly 
honored at being allowed, as the seconder of the resolution* to ask 
the meml^cni to accord the vote of thanks which had been nifivocl 
by tile pre^idciit. Tlie m-nrd of the last 20 years which liad lx*en 
pos^^ed in review the lecturer woi; one of gmdiial, saire^ jiiid 
traordinary progress in shipbuilding. The ‘'James Forrest'" lecture 
for would be a recotd for all time of what had talwn place 
during that period* and would remain □$ a landmark, as it were, of 
the progTcsa and goal which had been reached by naval arciiitects. 
For such records as that the mcnif>cr? were indebted to their old 
friend, Mr. James Fomsst* so long the feecitrtnry of th* institution^ 
Avho, with a happy im^piratioi}, applied money given to him as a 
tesrimonial to the founding of lectures of higli cla^; and whatever 
the particular bnincb of engineering with which a lecturer was in¬ 
vited to deal migiit be, the “James t'ornst’’ lecuire wonld^ he 
thought, always hold a verj' high position a.H a rw'rord of what had 
been done in the rarioua brsincliea of engineering of which the insti- 
tution was the representative body. The members of the institution 
were not merely railway builders, or dock miikei^, or shipbuilders, 
or electrkmnE, for their spheres of work were manifold, nnd they 
were ali joined together in one confraternity. For the happy iuspini- 
44Sfl3='— sw laia- 
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tion to which he liRd referred the members were indited to their 
friend James Forrest, and be was sure the heart of many who I'ccol- 
locted his sway would go out to him on the present occasion, when 
they heard the Grst James Forrest” lectnrc that had been given in 
the theater of the new building. He was old enough to recollect 
some of the fathers of naval architecture, and he could not hdp 
casting his mind hack far beyond the 20 years, which hud been the 
purview of the lecture on the present occasion, to the much mure 
distant years—the fiftica and sixties—when the great pioneers of 
naval architecture were among them. He alluded in particular to 
their vice preddent, L K, Brunei, who showed the w'ay to the timid 
naval architects of tlio periud, Although he was a widely educated 
en^neer in every branch of his profession, ho had a particular lore 
for naval architecture, and showed how It was possible to design 
steamships which could moke long voyages across the Atlantic when 
such an idea was scoffed at as cUuncrical, He did not think, on such 
an occasion, the members ought to forgel the tinmc of I. Iv. Brunei, 
tlic designer, in tlie first Instance, of the (r/vat then of the 

Great //ritoin, and lastly of that cxtiiinTdinary ship for her period, 
the Great EauUm^ which had a tonnage of soiuetUing like 17,000 
or lS.000 tons, and was immensely in advance of any Idnd of naval 
arvbltovture which had then Ijcen even dreamt of. He was also 
pleased to be able to recall tlie memory of his dear old friend, Sir. 
Wllliaiii Froiide, who, lie thoii^it, rendered to naval architecture 
greater services than any other Englishman who ever lived, intro- 
duciiig science and exactitude into a profeadon which had been tip 
to that time more or less empirical. He could not liclp recollecting 
those things, liecause, happy as the recollections of the lost 20 yeai^ 
were, tnemhers should certainly not forget those great pioneers who 
showed the way 00 years ago; and he was sure they would all remem- 
her the luster of Brunei's achievements and look back with pleasure 
upon the remarkable success he achieved with the Great EaeUnu It 
was important to bear in mind that that fine vessel, the Orest 
Efutenif embodied almost all the principles which had been laid 
down by the lecture that evening as to strength of hull, watertight¬ 
ness, protection against aocrident, and the girder principle. Tliat 
was a great achievement which should never lie forgotten whenever 
naval architecture was under consideration at the present time;. 

Before sitting down he desired to be allowed to congratulate the 
members on being assembled for the first time in the present theater 
anti occupying their fine building during the first period of its exist¬ 
ence. in congratulating evciybody who was present as membor as- 
st«iate member, associate, or student, he could not help ubo thinMne 
of the exertions which had been made by many people to hrinE aboilt 
that very happy result. The members ought to be very grnreful to 
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the builditig coniinittee for the care and attention they had given to 
the plan of the bnllding; they ou^t to thank the architect for all 
he had done; but he did not think they ought to forget the remarka¬ 
ble exertions which bad been made by the secretary, Dr. Tudsbery, 
and his staff, during the four or five very atrenuous years in which 
they were leaving the old building, housing themselves temporarily, 
and eventually transferring themselves to tiie present noble edifice. 
It pleased him immensely to be allowed that evening to say how 
grateful he was to Dr, Tudsbery and his staff, and to all who had 
been associated with the transfer of the institution from one great 
building to another. 

He was sure the tnembers would agree that Mr. Gracie had suc¬ 
ceeded in laying before the institution a very interesting record of 
what had been done during the last 20 years. The lecturer was 
knotvn as a pest roaster in bU that belonged to naval architecture, and 
the members wished to thank him very sincerely and cordially for 
coming among them that evening and delivering the first “James 
Forrest” lecture in tlic new building. 

The resolution having been carried by acclamation, 

ifr. idexandcr Gracic, in acknowledging the vote of thanks, said 
that the patience with which the members had listened to him, to¬ 
gether with the comjdiment that tlie institution had paid him by 
asking him to deliver the lecture, was more than ample reward for 
anything he had done.] 







CREATING A SUBTERR*ANEAN KH^EH AND SUPPLYING 
A METROPOLIS WITH MOUNTAIN WATER.» 


By J. BreJeaBIS WAl.KtB iiiia A. BiOKB* 


[With 11 plat^Aj 

L cheating a STJBTERJtANEAN BtVEE ©0 Stll-ES !N LENGTH. 

By J, Bkeicawi Walkes, 
ra£KOBCEN/LL fiKOWTH OF NEW TOEH^ 

Greater New Yort is adding to iLb population at the rate of 140jOOO 
people per year—^an increase which is ateolutely without prceedeut 
or parallel In the growth of the world’s great cities. Such an in¬ 
crease as this reiidere ennnnoiisly difficult the problems of housing, 
food supply, transportation, and proper hygiene. For many years 
past, and long before the rate of increase had reached its present 
proportiona, tlie city authorities have been at their wits’ end in en¬ 
deavoring to enlarge the various faciUtiea of the city so os to keep 
pace with tlie demands of its ever-growing population, 

TiTB pehil or watzb pa m ine. 

With the estception of rapid transit, there is no problem of the 
city’a need which has proved ttiote seriou^t more preissing or more 
difficult, at least in recent years, than that of prtviding an adequate 
supply of pure drinking water. At frequent intervals the city has 
been threatened by that justly dreaded terror, a water famine^— 
justly dreaded, bereuse a Portage, to say nothing of a total failure, 
of water might mean an outbreak of pestilence, to say nothing of 
the loss and inoonvenienoe occasioned by the shutting down of the 
various factories and smaller industries whirls a shortage of the 
water supply would necessitate. 

It is not so veiy many months since the whole city w’as watching, 
with a very anxious eye, tho steady fall of the water levels in the 
various reservoirs of the Croton watersheds! for a season of drought, 
extending far into the winter, had served to bring the hitherto re¬ 
mote peril close to its very doors. 

In view of the rapid growth of the city, it was evident at the out¬ 
set that any adequate scheme for increasing the water supply must 
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be mode U(>ui] the broade^it possible seole: and diat it should luikke 
proTision. not only for the immediate needs of the city, but for 
those of many a decade to come. This has been done by the board 
of water supply; and k is the purpose of tliis and the following 
article to show that the project of bringing the Catsldll Mountain 
water to New York has been considered on such adeejuutely com¬ 
prehensive UtKS tliat the possibility of any shortage of water in thk 
great city Ims been removed into the very far future* 

On 14, IDOO, the State water supply comniitKion approved 
of the application of the board of water supply of thLs city for ob¬ 
taining a daily supply of dOOiOWfOOO gallons of water from the 
Esopus, Rojidout, Schoharie, and GatskiU Creeks in the Catskill 
Moiintaias, at an estimated cost of $161,867,000* In IPIO a plan 
for the distribution of tlie w*ater throughout Mimbattaii, Queens, 
and tbo Bronx by a deep-presauFe tunnel was approved by the board 
of estimate and apportiomnent. Tlio additional cost of this scheme 
is $15,000,000, 

TflE XEW SCirKUB OF WATEUt SUPPLY. 

Tlie new supply of water, of the hnest mountain quality, is to be 
taken from four wntersheiLs, having a total area of nearly 000 square 
miles. The total estimated capacity of these four gathering groimds 
is, even in u aeries of unusually dry years, equal to supplying 770,- 
000,000 gatluns daily. Ui'servoirs will be built, as they arc rnjuired, 
in each of these basins, nn*] they will be connected by aqueducts. For 
tbo present, the Esopus waterslted only is being developed. In a 
Mwies of dry yeai-s this watershed can furnish n <laily supply of only 
250,000,000 gallons;'but the aqueduct leading to the city is being 
built of double that capacity or 500,000,000 gallons daily. The first 
contract lor construction was let at the close of 1006. In 1907 to 1008 
about 5 lior cent uf tbs work was completiKl from Ashokan reservoir 
in the Esopus watershed to Croton Litke. By the end of 11)09, 22 
per cent was done, 00 per cent at tho dose of 1910, IS per cent by 
1911, and at the present time about 95 per cent of the work is done. 
The delivery of water into the Croton Beservoir, which will be pos¬ 
sible this year, will prevent any pcesibility of water famine during 
the completion of the new aqueduct to New York. 

The system under construe Liun ami now nearing completion con¬ 
sists of a large reservoir in tlio Esopiis Basin, an underground aque¬ 
duct 17 feet in diameter by which the water is led for <t4 miles to an¬ 
other large basin, the Kenaico Itesersoir, which will serve for emerg¬ 
ency storage; a third rewrvoir situniwl about 13 miles south of Ken- 
sico and just over the Now York city line, known os the Hill View 
Reservoir, which will equalise the difference between the use of water 
in the city, which, of cwirhc. varies from hour to hour and from dav 
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to day, and tbo steady flow coming iii from the aqueduct. Between, 
Hill View and tho city the system consists of a deep circular^ high- 
pressure tunnel, through which the water will be led beneath Man¬ 
hattan, to Iw distributed by surface oiaiiiB throughout that city, and 
also throughout the other districts of Greater New York. 

THE ASttOKAK RESraViUO. 

The great Ashokiui Reservoir is situated about 14 miles west of 
Kingston, on the Hudson River. Its cost is IS18,000,000, and it will 



hold sufllcient water to cover the whole of Manhattan Islajid to a 
depth of 28 feet The water is impounded by the Olive Bridge Dam, 
which is built across Esopus Creek, end also by the Beaver Kill and 
the Hurley dikes, which have been built across streams and gaps 
lying between the bills which surround the reservoir. By the Ist of 
January, this year, 73 jier cent of this work was done. The dam is 
a mosoniy structure li)0 feet in thickness at the base, and 23 feet 
thick at the top. Tlie surface of the water when the reservoir is 
full U 000 feet above tide level. The total length of the main dam 
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b 4,650 fMtj aud the masimuin depth of the water is 190 feeL The 
area of the water surface is 12.8 stiutire miles, and in preparing the 
bottom U was necessary to remove seven villages, with a total popU' 
lation of 2,000. Forty miles of highway and 10 bridges bad to ho 
builL In the construction of the dam and dikes it wos necesB3H7 to 
escavate nearly 3,000,000' cubic yards of material, and 8,000,000 
cubic yards of embanUment and nearly 1,000,000 cubic yards of ma* 
sonry had to be put in platan The maximum niimbor of mon eni- 
ployed on the job was 3,000. 

Tf£E 9”-MILK AQC'EOt'CT. 

The T^^aiet is coiiductud from ^Vdiokan lic$ervoir os a huge under- 
grout]d artificial river. The aqueduct b ^2 nulee iu length firom 
Ashokau to tlie northern city line, and it should bo explained that 
it is built on a gentle grade, and tlmt the water flows through this 
at a alow and fairly constant speed. The aqueduct contains four dis¬ 
tinct types: The cut*and-cover, the grade timiiel, the pressure tunnel, 
and the steel-pips syphon. Tho cut-and-oover tyi>e, which is us^ on 
55 miles of the aqueduct, is of a horseslioo shape and raeasurea IT feel 
high by IT feet C indjcs wide, inside measurements. It is built of 
concrete, and or completion it is cO'Vered in with an earth embank¬ 
ment. This type is used wherever tho nature of the ground and the 
elevation allow, ^Vlle^o the aqueduct uitcrsects hills or mountfllns 
it is driven through them in tunnel ot the standard prade. Tliero are 
24 of tlvffie tuimete, aggregniiug 14 miles in length. They are horae- 
shoe ill shape, IT f«t high by 13 feet 4 inches wide, and they are 
lined with concrete. When the line of the aqueduct euemmtergd 
deep and broad valleys, they were ciwsed by two methods: If suit¬ 
able rock were present, circular tunnels were driven deep within this 
rock and linctl with concrete. Tlicrc lire 7 of thise pretiaure tunnebi 
of tt total length of 1* mika, Their internal diameter is 14 feet, and 
at each end of each tnnnoi a vertical shaft connects the tunnel witli 
the grade tunnel above. If the bottom of the valley did not offer 
suitable pock for a rock tunnel, or if there were other prohibitive 
feasons, steel siphons were used, 'rhese arc 9 feet and 11 feet iu 
diameter. They are lined wdih 2 inches of eement mortar and are 
imbedded in concrete nnd covered with an earth embankment. There 
are 14 of these pipe siphons lu u total kngth of 6 miles. At present 
one pipe sulErcs to carry the water. Ultimately three will be re¬ 
quired for each siphon. 

Of the many siphons constructed, by far the most imere^mg and 
diflicnlt is that which has been completed beneath the Hudson River. 
Tlu’ preliminary borings made from scowa in the river showed that 
great dt'ptiis would have to be reached before rock sufficiently solid 
end free from seams was encountered to withstand the enormous 
hydraulic pressure of the water in the tunneL After failing to 
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BuiLDItia OLIVE BRIOCL TO FMU THt AiMOKAN RESERVOIR. 
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PLATE 2 . 



Th& OLlve SfliosE Daii, 4j6&0 Feet Lcmo, 220 Feet Higjh. 
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mcb rock by the tco^ drUb, t^o «ne« ot 

made from each abort, one pair interaept^ Sir 

and the other at about 1^ feet. Both showed 
und ttocordindr a shaft was sunk on each diore to a depth of up 
uro Welv f/oo feet. «ud then a horizontal tunnel woa driven con- 
not ing the two. It is of interest to note that b^au^ of the enor* 
motJS head wliich must be measured from the flow l^ far nbovo 
the rivrT surface, the pressure in the horizontal tunnel reaches orer 

40 tons per square foot. 



TYPICAU SECTION Of OIKC 



OLIVE BADGE DAM 

UAXtUUM UbhSOlAr ^CCtnOH 


^EL PtF£ 91FN0W 


HEXSICO KESEJtVOIlt 

Next to Ashokan the most important basin is the Kenaico r^rvoir,^ 
wbich Ucs east of the Hudson, and is situated 30 miles north of the 
citv hall. It wiU hold sufficient of the Catskill water to supply the 
citv for several mouths. Ks purpose is to act as au ^eegency 
fito'race reservoir, so that if it is necessary, on account of awident, 
to interrupt the flow in the 77 miles of aqueduct between Kenrtco 
«id Ashokan, this can be done without interrupting the city supplj. 

The cost of this work is fS,30O,DOQ. 

Tlte rtservoir will be formed by a huge masonry dam across the 
voUev of the Bronx Biver. The surface of the water wUl be at ati 
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immediate demand, such us occurs during' a great condagratioju 
lUs capacity’ will be BOO,000,000 gallons. Xhe reservoir is divided 
into two basins, so Lbat one may be used while the other b beiDg 
ii^pected for repairs. The aqiiednct is carried within tlie wall which 
divides the two baainB, and the aqueduct water con be passed through 
the reservoir mid delivered tlireedy into tlie city tunnel. 

Onr thanks are due to Mr. j:Ufted D. Flinn, department engineer 
of tjie board of water supply, for courtesies extended during the 
prepnnitlan of this article. 

H. SUPPLlflXO A UETTROPllLlB WITH MOUNTAIN tVATEB. 

Ur A. ttlTSSiUi Bosil 

BOW MlNlNO OFESATIONS AFE UEINd C.UIRIEE} OX TIIJIODOH THE HEAltT 

or NEW TOBK. 

The preceding pag^ tell Low tlie new nqiieduct is being constructed 
from the Catskill Mountains down to the Xew York City line, where, 
at the Hill View Seservoir, the waters will iiause before taking their 
plunge inlo the heart of the city. 

The problem of admitting so large a flood into the metropolis is 
no small one, particularly when the chief demand for the water will 
come from those sections of Greater Xew York which lie many miles 
away. For tiie present, at least, little jf any of the Catskill water 
will lx: used in Manhattan uinl The Bronx, Vmt most of it will be 
consumed by tlie boroughs of Brooklyn, Queens, and Richmond. Tlie 
water-waste campaign which hue b«n carried on for the past few 
yeaj's has so far reduced the consumption of water that the Croton 
system, which can furnish steadily 350,000,000 gallons of water per 
day, can easily lake cure of the immediate wants of Sfaiihatfan and 
The Bronx as well as the demand from these two boroughs for many 
years to Come. It is not likely that tlie population in Manhattan will 
increase much, unless it undergoes a marked vertical growth, for now 
there ate practically no mote vacant lota to lie built upon. So that 
ill estimating tlie fnlurc demands upfiti the Croton system, we must 
consider chieOy Um growth of population in The Bronx In the 
otlier thn'c boroughs of the city, however, there is a present demand 
for water, and the jij'obtihility nf large increases in population in 
raining years. 

To conduct the Catskill water into Brooklyn and Queens, it was 
decided to build » trunk lino so fsr beneath the surface that there 
would always be 130 feet of good, solid rock for the roof of Uie 
tunnel, and provide a course for n subtcmineati river which could be 
lapped as needed for tlie city's supply, and which at the same time 
would be so completely buried that it would never menace the safety 
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of stiuctTirts ttbovB it. IVlicn ilie tunnel is completed, it will bo ono 
of the most durable pieces of work ever constructed by man; for 
practically nothing but an earthquake can destroy it, and even this 
possibility is very remote, for the took imderlyin^ Kew York is of 
Terr early formation, and not nt all liable to seismic disturbance. 
And so the ci^ tunnel of the Catskill aqueduct is being bored 
through the rock on an average of 2fK) to 250 feet below the surface, 
except in places where the nature of the rock is of sucli a character 
as to call for a mtich greater depth. 

The first dip takes place just above the Harlem River, where the 
tunnel drops down to 3G2 feet below the ground level. Then it runs 
practically horisontolly until it passes the dip in the rock under One 
hundred and twenty-fifth aireet. Tbonee it rises again, and mtiin- 
tains a practically constant level of 200 feet under the city until it 
arrives «t the ancient bed of the East River. A glance at the map 
of New York City will sihow that the East River makes n decided 
turn about the lower east side or ” heel ’* of Manhattan. In pre- 
glacial times the East Kiver had no elljow in its course, but ran 
directly across tfie licel of Manhattan, and it wore awny the. rock in 
its bed to considerable deptlis- However, the large deposits of earth 
and rock carried b\' the glaciers caused the river to be pushed east¬ 
ward, out of its uomm] channel onJ over tlie solid ixick beyond, 
When borings w'ere made for the nqiiiKiUL't through this section of 
the city, it was found necessary to lay it at a dcptli of about 750 feet 
below the surface. As indicated in Uie drawing on page 721, much 
of tlie rock through this section Us decayed and unfit to form tlic 
walls of B high-jjreiisure aqueduct which is being built to lust for nil 
time. The present channel of the East River, on the other hand, 
passes over solid n>ck, and is comparntivcly shallow. Seven hundred 
and fifty feet is an enormous depth, eoconH only to the greet siphon 
under the Hudson River, which is 1414 feet below the river surface. 
It so happens that the deepest shaR ever sunk in New York City 
equals the height of the tallest building in the world. To iUustnite 
this enormous depth, our artist has taken lUe liberty of building the 
Woolworth Building tops?'-turvy—that is, from the grcuind down— 
at the Clinton Street shaft at the west bank of the East River. Enor¬ 
mous as ia the building, yet it barely reoches the aqueduct at this 
point. Evidently there wHl be plenty of cellar room over the tunnel i 
and yet it is worth noting, the aqueduct follows the street lines bo 
as not to trespass on private property. 

Arrived in Brookljm, the aqucdnci rises again to within two or 
three hundred feet of the surface and is pushed as fur as it is possible 
to cany it in solid rock and yet communicate with the simfacc. This 
limit was found to be at the jiinclion of Flat bush and Third Avenues, 
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Heii& it WQ 3 Iq jro through 215 feet of overlying earth 

before coming to tlie rock- The cai^n method had to be resorted 
to^ and the caLsson was sunk over lOO feet below the water line i>efore 
rock wns reached. Considers ole difficulty was here experiencwl In 
sinking the shaft to the rodc^ because it called for the use of pneu- 
luatic prw^re that taxed the endtimuce of the workmen to the limit. 
From here on the water will be conducted through pipe^ laid in a 
trench of a moderate depth below tlie tiurface. From the foot of 
Seventy-ninth Street^ Bay Eidge, the conduit will bo run aero^ the 
Xarrows to Staten Island^ through a pipe 36 inches in diametett pro¬ 
vided with flexible joints, and kid in a sobmiirine trench, 'riie 
details of thb action of the work have not yet been given out. How¬ 
ever^ tests have been made to discover at what depth the pipe line 
under Llie water must be buried. It is e^udent that it must lie far 
enough liclow ground to prevent its being entangled with anchon? 
from large vessels that may hove to anchor in the Narrow's* The 
matter haa been thorougliiy mvc^itigatedj and practical tests have 
been made by dragging anchom of large size along ihe bottouu It 
has been detenuined that if the pipe line is buried at leasl 8 feet 
under tliie bed, it w^il] be entirely safe* On the Staten Island side a 
48-iticli pipe wiJ] carry the water on up the hiU and through a tunnel 
into Silver Lake Beservoir* 120 miles frtim the Jo the Catskilk 

Tlic greater interest in tliis city section of the aqueduct attaches 
naturally to that part which ia l>ciijg excavated through solid rock 
under the busy city. It is a surprising fact that a work of such 
magnitude can be carried on directly under mir feet without incon- 
TCniencing m in the leiml. The only surface evidence of the deep 
rock huincling is to be found at the various sliafts which are located 
in parte or public squares. The principal difficulty that presentetl 
itself at first was the question of storing explosives for a work of 
such great proportions. To keep the necessaiy e.xplosives on the sur¬ 
face was to harbor constant menaces to the lives of the citizens. The 
matter was finally solved by placing the dynamite niaguzines far 
under the surface in the rock^ and setting the doois to these maga¬ 
zines so th^ will automatically dose in case of an explosion and trap 
the hot and (misonoa^ fumes in the rock diamber, where they can do 
no harm to tlie workmeHn The idea was borrowed from European 
practicej where mining operations are conducted dos5e to and some¬ 
times directly under large cities. Acms to the dynamite chamber 
is had through a zigzag drift. At each turn of the drift a ^Kjcket is 
excavated* anti the chamber iLself is made of large capacity. In this 
chamber the dynamite k stored under a protecting roof fo keep off 
any fragments of rocks that migiit fall when jarred by the shoot¬ 
ing ■* in the tunneh At the entrance of the drift a very substantial 
concrete bulkhead is bttilt, and in this Is a low doorway* The door is 


H§p<Fr% |9l3^Waik*f fcnd 


PlaT^ 7h 



Dhill PtoTS Set up at a Tunsel Heaoihg, Two Dwtui oh Each Poax, 



"MotED tMnOUQM" F'HOM SKAFTI 6 TO ShaFT It. DakOEROUS flOCK OVERHEAD 0U£ 

TO VeHTKAL SEaMSl 












LMHihq 00‘mh iHt 441-FODT SHAFT Al 
Oh£ Humdredaku FciPiTV-N inth ®Tfi££T 


BtiHFOncEUENT FOR THE CaIEBON AT FLAT- 
BUS+f AHO TwfiO AViAfCjFS^ 



P£AM4NiJ«r ChAMnCi. Iron 54 JP>ra(|T for « TarjiQHeBou= b 
































719 


StTBTERBAXBAN RIVER—WALKER m>Kti. 

of nmssive i^nJilructioD, built of I-benms, 16 incbos deep aod spacer! 
Apart with oak beams 13 inches sqimre. The door has beveled edges, 
so that it wiU seat itsdf snugly in the doorway. The door is always 
kept open at an angle of about -i5». In the nmsaaino a thousand 
pounds of dynamite nuiy be kept at a time. Should this bo exploded, 
tlie expIos!<m wave would Ijave to travel down the pa^ge and 

would lose much of its force at each abrupt lum, finally slriking the 
door with greatly diminished energy. The door would be slammetl 
shut by tho blast of air issuing from the drift and would tl^tj lie held 
abut liy tlie gases of tho esplodwl dynamite. A magazine of this 
sort bus been constructed near the foot of each shaft—not at tho foot, 
however, for fear that in case of n mishap, it might block the escape 
of the men. The magazmes have been tested by exploding a number 
of sticks of dynamite around the fir^it bend in the drift, and in every 

case the door has closed just fls expected. 

The work through the rock is bring puslied very rapidly; at some 
of the shafts between &00 and 1,000 iwimds of dynamite have been 
U!*d daily. Within the last year millions of pounds of dynamite 
have been exploded under the city, while most of Slew York was 
totolly ohliviooB to the fact Already a number of tho lutmel sec- 
tious bflvo licen “holed*' througli. To expedite the work, one con¬ 
tractor is using an interesting forni of shoveling machine, built 
especially for this work, so that it may Iw taken dov^fi the compara¬ 
tively narrow shaft and be assembled to work within the email 
diameter of 11 feet, which is the size of the tunnel at the particular 
pfhint where this raaehine is now being used. A photopuph of tliis 
mariiinc is shown herewith, and also u dra^ving illustrating the niech- 
aniism (pi. 10). Tlie machine i.*? controUed by a siiigle operator and 
docs the work of six laborers. It is provided w ith a double shovel A and 
B, The section .t digs up the rock and throws it upw the scoop 5, 
which in turn empties its load upon a trovcling chain conveyor C; 
the latter deliver* the load into muck cars at the back of the shovel¬ 
ing machine. The letters B, B\ B\ and B" ^ow the successive po¬ 
sitions of the scoop. The forward section rl b carried upon a crank 
simfi Py which is revolved through the arc indicated by the arrow. 
Another arrow line shows tlie course of the front edge of the section 
A. The forward end of the scoop B rests upon the heel of the sec¬ 
tion -1, while its rear end is mounted upon a shaft which travels 
in a guideway F. The forwanl section A is connected to the shaft S 
by means of side plates, indicated by dotted lines, so that as the 
crank shaft B revolves, the slide shaft F is obliged to run up tho 
ways F, as indicoted by the tetters FK A'*, and F*, Tlie eeclion B 
h equipped with a finiali arm which carries a roller that is adapted 
to engoge the cam groove II, causing the scoop B to turn over as 
indicate in the dotted view B\ and empty its load upon tho travel- 
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ing conreyor. Tlie mncbine is mounted on a turntable so that Jt tnar 
be turned about in an}' direction. 

Some of the i^ork on tlie city pressure tunnel lias been hurried so 
lar that certain sections are now being lined with concrete. Tiie 
forms used for this purpo^ ftro very Intei^ing. Our illustro.' 
tion, plate 11, shows their construction. They cover 1£0 feet alto¬ 
gether ond are arranged in Vxo sections, 00 feet of the lower half 
of the tuimd being concreted in Rdvance of €0 feet of the upper 
part. Tlie first step is to lay the "‘invert;” that is, a narrow seg¬ 
ment of the lining running along the lx)ttom of the tunnel. This, 
when completed, forms the track upon which the forms for the rest 
of the lining traveL Tim forms are mounted on tmehe with wheels 
tftpered to fit the curve of the invert, Tlie fomifi for the lower huU 
cylinder arc practically the some os thofic for the upper half cylin¬ 
der, After the lining has set, the sides of the upper form may !» 
drawn in to free them from the concrete by operating the lurti- 
biickles A, aud those of the lower forms by operating the turn- 
buckles 5. Tlien jochs may lie unscrewed to lower the upper section 
slightly, freeing it completely from the concrete, and jacks A’ may 
Iw screwed np to raise the bottom section slightly upon the truck. 
In this collapsed condition the forms may bo drawn forwnrti to 
complete the nest section of tunnel. Tlie iletall view in the drawing 
(pi. 10, fig, 2) shows how the lower forms are supported on I lie 
triiehs. To the longitndvnal beams €, vertical guides D are bolted, 
which fit against the framework of the truck. The jacks E mounted 
on the truck boar against cross pieces mruiitig from C tio C, The 
filling of the lower half of the forms 1$ comparatively simple. Il is 
(luito a different task, howevTir, to lay the concrete into the upper 
form. Sections of the plating of the upper forms are removed and 
the concrete is shoveled in, adding the plates step by step as neces¬ 
sary, tifttil finally the topmost plate is added, when the concrete can 
be introduced only from the end of the form. It will be obscrverl 
that tminll pieces of hoard are temporarily nailed against the edge 
of tlie forms and fittctl up hr neatly as poaible against the rock 
above, so as to retain the concrete until it sets. As each section is 
cirtoplctcd, grouting holes are left in the top through which, when 
the lining is completed otherwise, grout will he forced under high 
pressure to fill up all cmcks and crevices and make the lining per¬ 
fectly «}und. 

At each ^aft access will bo had to the tunnel throng risers or 
vertical pipes, 48 or T3 inches in diameter. At most of the shafts two 
such pipes will he provided, each fitted with valves at the bottom 
which may be opei^ted from the surface to close eUlier of them when 
it is dpsired to gain access to them or to effect any necessary renoirs 
The valves at the Iwttom of llte risers will be of‘such a design as to 
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close automutii'fllly in case of an ahnarmal flow tlitough the riiiers, 
duo to tli« deetruetion of tbo vohe at the lop by explosion or other 
toetdent At the lop of the risecii there 
will be two valves, the one neorei- the 
riser Ixsili]^ an emergency valve, which 
may be closed in ease of oiiy dmuagt! to 
the other \*alve. 

It is probable tiiat no immediate 
ehangi^s will be made in the water supply 

of Jlanbiittan and Bronx, except tlint j t I 

pipe lines will i>e nm from the shafts to 
help out Uie existing supply in cose of 
emergency. In Brooklyn and Queens, 
where 3li pumping stations are now re¬ 
quired, most of the stations will be dis¬ 
continued for the reason that the water 
will be delivered thiou^ the aqueduct at 
sulficient pressure to reach pracdcuUy all 
parts. Only in one or two sections will 
pumping be necessary. 

From Tlill View Beservoir the a'atcr 
will flow' through a tunnel la feet in 
diameter. This will be nnrrow'ed to 14, 

111, 13, and ii feet, which is the diameter 
of the rock tunnel at Fort Greene Park, 

Brooklyn, and at the intersection of Flat- 
bush and Thir«l Avenues. From there on 
steel p)p<s, 54 feet in diameter and nm' 
ning down to 4 fmt in diameter, will 
carry the water to the Narro^vs, and 
under New York Bay, at the N^arrowg, 
the lino will be only 5 feet in diameter. 

This griulual slirinking of tile aqueduct 
reminds oue of those large riveix tlmt 
Sow out of the muuntalns in sulHcient 
volume to be nai-igablfi find even a menace ^ ||f || 

to the siiri’omiding countiy in time of 
Hood, but which, when they reach tJvc 
deserts, are drunk Up by the thirsty sands 
and sucked by the torrid sun until they 
vanish without any dearly definctl ter¬ 
minus or possibly flow in a sickly stream 

to u small sUignani lagoon, Tims, when _ , 

the entire Catskill system is completed iWrOTi 
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and operating at it^ full capacity, the waters which three days before 
poured out of the Ashokan Reservoir in a mighty ftood, over 17 
in diameter^ will reach Staton Island a stream only 3- per cent of its 
former size, after having been robbed by the rest of the thirsty city* 


THE APPLICATION OF THE PHYSIOLOGY OF COLOR 
VISION IX MODERN KRT^ 


By Hii^ainr Q. Kcr.LlS, 
firftool of ,4**1* 
aem] 

Fruf J. J. II. Macl^sdCp 
llf'eifcni Re9crr€ 


I^eonnrtlo in hie trejiti&e on pabtbig 

Tbow who become* oiWiiuoTvd uf tbi^ isnii:tkM? of tho Alt wHlluot luiviug proTl- 

MUeJy upolSisl tljomstfUos to the dillgvnl flLadj of tim BCltiuU^c l»rt of it. mar 
lyinjfKured to SBarlnore wlio put to sen Itt a st\p wEtboiit nsdfler or oompusa, ond, 
iJien'forv* ctm not be cerioln of arri^lnfl nt the wErtaed for tioH. Fractioe niiiBt 
ulfToya bo fonnded ou irood iheory. 

Instead of serving iw an incentive to more extensive Btiidy of the 
nse of colors in art, tiiesc words seem to have marked the advent of 
iiii etxkch ejctcnding over several centuries, during which colors caroe 
to be less and less succcssfitUy employed. The ideals of art came to 
be dictatetl by tlie academic |i« inter and they were much more 
mythological and allegorical than founded on the Iwauty of color 
patterns. Much of art bet'anu* black painting, little attempt being 
made to use pure colors and no consideration being given to the 
effects which could be produced by the influence of juxtapcksed oolora 
on one another. With the exception of st)me masters the ideal of 
nriists was merely to reproduce as closely as possible the color tones 
and values an seen in nature—to produce a colored photograph with¬ 
out adding to it that mysterious sometliing for which is lesponsible 
the peculiar charm and strength of the paintings of the early Ttallan 
masters and of the Chinese and .lapanese, and which includes some 
subtile influence of the picture itself tiiiite apart from what it repre¬ 
sents j sometliing that endows it with a charm that is all its own, and 
which no colored photograph can ever contain. 

It is true that from time to time in the history of modem art 
masters have arisen who have, intuitively ns it were, produced pic¬ 
tures the color schemes of which have contained this “ fiomething." 
But it is the individual rather than the system that has been responsi¬ 
ble. and no attempts Iwve been made until comparatively recently 

I'J ptrmiMlan PTgffl tbr I^uEftr Acl-efim S^CTeiniwr^ lOlS. 
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to evolve new principle for the use of colors which would serve aft 
II guide to all ; nor, indeed, was such an eTolution possible until some 
progress had been made in the scientiRe interpretation of cmlor. 
This progress is itself only of comparatively rceeat date, 

Al the present dny there Ls an unrest in the world of art, an nni'cst 
wbick lias lesulled in the creation of icinuniemble schoolst each en¬ 
deavoring by some peculiar method of its own tu inculcate new prin¬ 
ciples ancl to establish new ideaK ’V^'itliin a short period of time 
realimii has given place to iinpresaionbin. impresBinnism to post- 
impressioui^, and this again lias Ijcenme psirent for so mrmy other 
“istns^’ that to follow them has become almost inipussible^ How¬ 
ever unpictorial from our ordinary viewpoint the creations of same 
prefscnt-day artists may ap^iear to be, there i$ nevertbolcss in many of 
them some ne>vly discovered truth; they are the steps in an evoUition, 
and we may hope that some day the evolution will be consuinmated 
and that from out of the aparent cluiiis which at present exists a 
really coirit>clling picture will be created* 

It is iiiogt of all in 1iLndscai>e painting that the evolution of mndorn 
art can be flecn. The old landsCrtpt]s of Claude Liirrain and Ctmtlable 
;ire no doubt full of cliartn, but they entirely lack the atmosphett^ and 
force of the so-calle*;! impressionist paintingh of Monetj Pts- 

sarOf etc* In the older landscaiies an attempt was miuie to copy 
everything that could be seen by prolonged filudyi and the eairvas was 
covered with detail X/* its very edges; tn Impressiuuumi it ia merely Lho 
lliish, the tleeting elffecl of the landscape which it is attempted to re¬ 
produce. There may indeed be cf^kiisiderable detail in certain portions 
of the p id lire j but tbe greater part is merely n aolor pattern* But 
after nil snch on ini[jreissionistic picture enn occupy our attention for 
a moment only. We da indeed m^eive an impression more or less like 
that wfaieU tho artist received on viewing his object, hut ckiser study 
uf the idctuie docs not cany ns furtliec; there ig something absent 
from it with which nature al:H>unds, something that cauipeXsf ils, a$ 
wiien view'ing « hii]dsc;a|>c* to keep sliiftbig our gaz^ from |>oint to 
point, II n^Llcsfiiieiis, a coiisLuut souix-e of interfe.! and fascination, 
lu pcH»t-Lmpn 5 s.‘?ionism iiie attempt is being made to supply this want, 
Uf cximpel tifi namely to regard more than the Heetiug impression. 
The cU^rr we study such a picture, if it be siaiiccssfuh the mor^ comes 
out of it. c<d(iiy hy iheir inHiiciica on one aiintlicr become changecl in 
hue and suituraiion, a curiosity deirelops aiidj subconsciously, wc art^ 
romt^elteil ifl conlmue our .study, witbthe re^iult that we get ever other 
and other effects. It is kinetic, not ^atic, art; it is a pattern of 
nature dtesigned lo create vianopsyrhiv impressions expiring aa idea 
rather than an object, subjective rather than objective. 

There is a physiological reason for this vibuhI rfetlcK^niiBs mul 
before we go into the science of colorii it may be well to esplniq what 
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this reftson is. The inaerniost Itijer of the eye. onto irhieh images of 
exterior objects are focus^. Is si>eciali^ed to react to sensatioTi of 
light, tiiu9 setting up nerve iiapnlecs which pre tratL^mitted to the 
lira in where they arc ioterpreted^ This layer of the eye is Cfilled the 
retina, and it is verj' inn eh mom sertsitive at a sinuli spot in the 
teenier than it 1=^ over the iniirh larger tnrter (peripheral) portions; 
so that, of the iiiiage which is f^xHised on it. it is only that part fall¬ 
ing on the centnd portion which h distinctly seen. When we regard 
a stretch of country, for exiiiipk- it i^ only in one part of It th&t the 
objects are seen in any detail—namely, that port which is focused on 
the central portion of the retina—the romnmder. siiice it falls on the 
Ulster port ion, causing only a vague, indefiriite impression. We may 
Bay^ indeeiU that the function of Iho gieater part of the retina is 
merely to give us a general impre^saion of the envuxjnmentnf the object 
which is being looked at, an impi'ession, that is to say, which will 
enable lis to jndge of its relationfihip to other things. It telb what 
else there h to look at, and suliconf^iniisly xve shift our gaze so that, 
piece bv piece, the whole landfs^ape comes to be focused on the central 
portion. ^Ve regani with the ^-^jiitrat portion what we know exists 
to lie regaitled on account of the duller image tluvjwn on the rest of 
the retina. 

Coming now to the question of color, any attempt to apply the 
^ientific principlt^a of color visiem in making a piclm^ must surely 
fail if it l>e not gtaritiMl at the outlet that it is only to a limited de^ 
gree that those principles can iipply. Odor apprecifttion m as much 
a ps^ychical as a physiological piroess, and* indeed, it is psychical 
not only with regard to the objeetiTe impression itself, but also with 
regiird to the subjective^ the asstjciational mental process* Previous 
Itnowledge and training* e] 5 |>erience, tradition, the association of 
color impressimis with impressions previously received through 
other senses and stored away as memories, all play a part in deter¬ 
mining till' clTect which a color or a pattern of uppose^l colors has 
upon ns. But even grunting all this, there are many of the physio- 
Ingiciil of color virion which must l>e adhered to before we can 
expect to produce the^ie ejects, 

Tn fittempting to -^how how these ImiTs may be employed in art it 
will be necessary for us to explain briefly some of the physical and 
physiological obsurvations upon which they depend. The first of 
ihe^ is a ph^^lcal one —it is the dis^iation of white light into the 
spectral colors by means of a priBm, or lietter, by means of a dilfrar- 
tion gmllng.^ The Hjn^ctml colors are red, orange, yellow^ green. 

t ]q Ihc fl. iioiav bi^. nu-eb u. ibHc uf ml und iwctipjr 

DiTifill i™ tlun otdffm ■U»'h mji bli>p. aUtmiKti ttn^y do not cormpoDdlaflj dlFTcr In 

w^vm Wli«iji lirfal Ifl d^rnpUmir^ a diarflcUoa jfnLtliij Fn gluM pl«to rtilod with 

T*I']|^ fljM fciuliUiUiJint an») tht 9|U»« ocrCtielcij ttw v^rlotu bitfftt *rf pro|»orttoii4l To 
tbelT Oi itmt# Ipllflbv. 
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bine (mdlgo), and violetj tiie Vkirious aliadei^ of pui^ile being eoiirely 
absents Wien we look ni stieh a spcctram we are at once struck witli 
the fact that the colors differ froai one anoUier not only in tUcir 
hue* but in their brightness or liumnositjf the yeliow and the immedi- 
aEely adjacent portions being much brighter than the others* Al 
oncej tben^ we recogniaje two physiolc^iciii properties for each sinh’' 
tral eolor“hue and brightness. Thei'e however, another prop¬ 
erty of colors as 5 «en iti nature wbioh is absent in the spectrum^ 
tiouiely^ saturation. This refers to the degree of wldie light witli 
which UiC color bi mixeiL It is more or less related lo the artistes 
volne^^ which e^pre^^se^ the tnioslation of the eu1nr> into gray. 

The most characteristic of thoi# |jrti[3eiiie.s of rolonji U dieir hoe* 
and for the prPBent we shall eonfiiie our aittentjon lo thLs, To uiuier- 
stand Avhflt the hue is dne to we miust remember that rays of light 
escist in space as vibrntioiny of tlie surrounding ether and that these 
vibratiems <jcctir at right angles to the line of propagation of the 
light rays. The rate of iIjc ribrittion varies according to the hue. 
In other words, tlir light rays are made up of waves which are siuall 
and dose together when the vibration is rapid^ as at. the violet end 
of tbe spectrum, and ait? large and w'ide apart when the rihratioo is 
slow^ aa at the red end. When these waves strike the retina they 
creule impressions which differ frian one another, according to the 
Wave leugilkh. 'Fbc:^ differenceiS we interpret as differences in hue- 
When the rays of the varioua spectral hues ate reunited lie fore ink¬ 
ing die rciiria the sensaLion which is created is that of white. Thw 
recouibinatioii or synthesis of the spectral hues may in general 1m? 
brought abuiii in two ways! (1) By causing them to together 
by means of aome suitable optical devico {such us a second prism or 
rellrcting mirniirs) before they enter tlie eye; ( 2 ) by causing them 
to become superimposed upon one another on the retina in rapid 
succession, in which case the im predion created by each color lasts 
for a iaufErient length of time so that it becomes fused with tho^ 
whicli suecoed St* TbJs result depends on the phuiioiuenon of posi¬ 
tive after images, which can be demonstrated by moineittarily I'e- 
garding some brigluly illuminated objei;^ and then closing the eyes, 
when the image eonttnnes to be seen for some time, liapidly laic- 
cecdlng images, therefon\ become fiii^ into one composite iinpres- 
sioiL 

This retioal Bynlhesh^^* as w'o nuty call it, is well iiliiirtrat<Kl in the 
impression prodmred by observing the spokes of a rapidly n^volving 
wheeL For experiraeotfil pur|)OSCS it is brought about bj using 
Max weirs machine, which consists of cireuJar cards painted in 
sectors wdth the various colors and which are caused to revolve 
around their centers by means of a motor. A spmning top may aho 
be used for thin purpose, By reralTing a c*rd painted with the 


FHY^OLOjV of COLOJl V'lllIOIf'—KJiLLEB AND M-ACLEOD. T27 

seven Bijectral colore n bensatioti approach ing ihat of wiute is pro¬ 
duced ; ^ by choosing varioits proportions of the sisectrai colors this 
white becomes tinted wiili all possible intermediate Iin^ 

From these facts wo might imagiiiB that the retina contains a 
Sl>«:ia1 kind of sensory component for each of the seven spectral 
hues, that equal stimnlation of all produces the sensiaiou of white, 
and that varying degi'ccs of stimulation of certain of them, thot of 
the hues which arc intermediate Iwtween those of the spectnmL 

Such an hypothesis could not, however, be of much practical value 
ill ejcpLaining the color pljenomena with which w'e have to deal in 
daily life. It. had to be simplUiefL This was doue by Thomas 
Young and Hetmholta;, who discovered that tlii-ee of the spectral 
hues, such as red, green, and violet, or certain other triads, are suffi¬ 
cient, when mixtd on the retina, to produce the fiaine iiensatiomi as 
those whicli arc prodiuied hy the seven spectral hues. These are 
known as priuiary cobra; when equal quantities of each are used a 
seneatioQ of white (or gi'ay) results; when only red and green, the 
setisation is yellow; 

when green and vio¬ 
let, it is blue; and 
when violet and red, 
it is purple. N ot only 
this, but the various 
jiitermic<liate hues can 

readily he obtained by 
altering the proiJor- R 
rions of the pritnaries; i^rauim nbaou^. 

thus to produce , , 

orange, a disk containing a larger proportion of red and a smaller 
proportion of green is used, and so oin ■ - j i 

To represent these fimdameimil fflcts anA hold them iti mmd the 
30 -called color triangle has been constructed (fig. 1). At the angles 
of this ti'iangle are placed tlie primary hues, the other spectral hues 
being distributed along its two sides at distances which are proj^r- 
tional to their wave lengths and the pnrples along its base, which, 
since these hues are absent from the spectrum, is represented by a 
|>roken line. 

But white light can be produced m still another way, namely, by 
retinal synthedfl of certain pairs of hues which on this account are 
called complementary. Thus red and grceaiah.blue, yellow and blue, 
orange and blue-violet are complementary, ^Ve msy express this all- 
important fact by sUting that for every spectral hue there is another 
which when mixed with It on the retina in approximately equal guan- 

Tit ,rMild IH van wMti were U iK^tble olXiln imftdil plxmeat* Ul*t reOnt^anoiW 
aih*T theh «wn chACKCtiriltle tiw* 
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titles pr<Kiuctsa i\w sensation of white. When other thmi eff|tial pro¬ 
portions of complementary hnes arc chosun^ colors are produced 
which are of hues intermedinio tselween tliose of the complemeotaries 
and which are mixed with varying degrees of white. They are ui- 
completely saturated colors* These fact^ may be satisfactorily rep¬ 
resented! by finding n point, called lt\ inside the color triangle^ so 
that any straight line pa-^ijig ihroiigh it wiil on striking the sid^ 
of the triangle join two hneii which produca white* Tliiii method of 
finding the coriiplcnientaries necOKSarily IrnpUi^s that they must be 
separetcdl from one another by n eonsiderablo di&Lttnce on the spec¬ 
trum. For roprciscnting ib^ fact^ a drcle irmead of a triangle may 
be employed, und for practical purposes^ in the use of colors in priint- 
ing^ such a circle lieen found more useful than the triangle. 
Before we proceed to explain its however, U may l)o well tfj 
indicate eomc of the applicntion^ which can be niLide in art of the 
faebi WB have already learned. 

It is in {iHomtilisiii that this application is most evident. In thi^ 
method the pigrrients are laid down in minute areaa or spots or iSnes 
BO that when the picture U viewed from a oertuin distance, tho dif¬ 
ferent hues act ott the sanio nerve endings of the retina and tlierfr- 
fore produce the same effect as if they had Iwen siipcrimpOflotl. as by 
the tihc of Maxwell's disks. Thiis^ if a white surface be dotted over 
with red, green, and violet, or any other prijiiary eolors, or with re<l 
and grcenlsh'blue, or any other complementar}^ colony the s^irface at 
a certain dhitance will appear grayish white. If, in any of the cotn- 
binatiorL^r one hue be in preponderance of tlie otherfi the gray will 
l>ecEiime correst>oiidingly tinted, ao that s complete picture be 
built up of areas which on close inspection are a mosaic of |>ur« 
<nlfir$, but appear at n ilifitaucc as tinted grays. 

The impri?ssioniM^ Monet, Segantini, etc., appear to have laid as 
the basis of Uieir picture a gray at the brightness (or value) which 
they deiaired each p^^^rtion of it to assume. On these surfacea thev then 
applied color more or Icsg pointiUMleally, The neo-impTu^sionisls, 
guch as Seurat and Segniac, on ihe oilier hand, wen I a atep further m 
that the saturation was made to depend entirely on the sjiithetic 
principle. They laid on their pignieni^^ strictly in dots on a" surface 
which was as nearly pure white as pOf^siblc. Some of these neo-im- 
press!onists had. licaverer, nlrciirly liegtin to apply certain of the priu- 
riples of color apposition in masses which we shall studv later. To 
build up ei picture poinriliRtivally must obviously greatly increa^ the 
technical diflicultic^ of the artist, caiiceiHlIy with regaid to outline 
and form; \m freedom of expression is als^n serioiLdy curtailed It 
bec^mea necessary tjimfore that vei^- great advaotagis shotdd be the 
outcome of snch labor* .4mong the advantages are the setiso of at¬ 
mosphere, the vihmlitig. y^-“hillatingqua1ityof the color ureaBaii^ 
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Tary saUsfaclorT tranaitionB at the edges between them, all of which 
are (jnalities that can be rendered in no wa^ so satisfactorily as by 
pointilism. 

Tliero can be little doubt that a great part *f the peculiar impression 
produced by pointil ism depends upon the slight moTementa which the 
eyeballs are constantly undergoing, even during our most intent fix¬ 
ation. This of cotu-se produces a certain amoimt of ovorlappmg of 
the colors on the retina just as when they are suiwrimposed by means 
of iloxwell'a niBclune, In Use same way vibrations of the eyelids 
by moving tho eyelashes across the paliJebral cleft assist in the syn¬ 
thesis, tills being made evident by half closing the eyes, a method 
often used in studying pictures. 

The success with which the desired impression can be created in a 
pointilistic picture often deperitls upon the purity of the colored dots, 
its vibrating quality being nt the same tiiiio much enhanced by leaving 
ft narrow miirgiir of white around each dot. WTien this is successfully 
done there comes into piny another physiological pro«Ss known as 
Jlieker, which can be experimentally produced by rotating disks with 
bladt and white sectors nt a speed which Is just insnlScient to cause a 
uniform gray. The rrsultiug flicker [lossesses a glittering quality 
which makes it appear of distinctly greater brightne^ than the gray 
w-hich results from complete Byntheals, Thu same thing may bo seen 
by obeetwing the spokes of a wheel revolving at different velocities. 
Instead of black and white the sectors may be composed of different 
hues. 

In the dicker experiments the gray reniiios of iha same degree of 
saturation at whatever rate the disk is revolving, provided it is re¬ 
volving more quickly than is necessary to produce complete fusion, 
and so in pointilistic painting, ivhou the picture is viewed iieyond the 
distance at which furion occurs tiie Impresston is practically that of 
the older painting. It must be viewed at a distance just short of that 
which is necessary to produce complete synthesis. The po^ Imprei- 
siouLsts, sflch as Ceaiume, Matisse, etc., realiJiiug ihk limitation in 
poinlillam, have been searching after a method by which the color 
scheme tnaintains its effect on us at whatever distance the picture is 
viewed. The pbyiiologieal principle upon u'hich this depends is 
that known as contrast, and tliis we will now proceed to study. 
Being a property exhibited moat strikingly in the csse of comple¬ 
mentary hues, it becomes necessary for us to have, Imsides the color 
iriangle, some simple experimental inetliods by w'hich the comple¬ 
mentary hues may be determined. .Such methods include the experi¬ 
ments of simultaneous and sua'essivc contrast, in connection with 
which mativ facts of fundamental importance Ln the use of pigments 
are broiiglit to light 
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SiniiiltaDeoiiij cchntrHSt h lU^i&trated by regarding ii feirSp of gmy 
against a colored field when the gray beoomc?^ tinted with the comple- 
Tnentftry hue. Tliere are two simple methods for performing this 
experiment, one h to spin a colored lYisk^ midway between the center 
and circumference of which is a circle, comp^j^sed partly of black and 
partly of white; lIiij- ^ynthe^iaies to a gra}' which becomes tinted with 
the complementary hue of the colored field. The other way Is to biy 
a narrow ^trip of gi'tiy paper (cul as a stig?ag) on a colored sheet imd 
then to cover the whole with thin tissue paper: the gi'ay will assnmo 
ihe compleinciitary hne^ No exjierlmeuis in color ^'isiou are more 
striking than theae, nor are there any that have more din&ct appli- 
ciition in tlie use of colors in piiiture painting; tlmSi ii gray wall 
viewed against a suulit background of green is no gitiy^ but Ube the 
piece of paper in our ext>eriment it becomes tinten! of a purplish hue. 
Similarly, a shadow cast on yellow sand is bine, and ime thrown on 
the skin when tbb is otherwise in stroikg light often acquires a strik¬ 
ing quality of green- 

The phenomenon of successive ooutnist is elicited by steadily regard¬ 
ing u patch of a certalii color for some time and then either closing 
the eye?* or lieUer stilU directitig tire to a neutral surface, such 
as a gra}'^ iinti]ite<] wall. A vivid color impt^e^on of the same shaiie 
as that of the colored patch previously looked at will ba seen in both 
ca$es, but exhibiting a hu& which !s corapjementary to that of the 
patch. 

In the experiments aWvo described the comi>kmentary color is 
demenfitrated by the use of a gray surface. It js evident, bowever, 
that, if we cause it to be projected ii^aia^t u background which itaelf 
[Mjssesscs a certain hue, the two huesi (the com [element a ty and that 
fjf the regarded surface) w ill become blended and will have the same 
effect as if they had been spun on a Maxw'ell’s disk. For example, 
suppose we regard for some time a blue surface and then direct the 
gaze to one of red, the impreiisioti will be that of orange, because the 
complemcntuiy of blue, being yeUuw. fuses with red and produces 
orange. 

Having deterndned the complementaries by moans of these contrast 
methods we may confirm our rcsulfoj by color sytitbesifi; thus suppos¬ 
ing we have determined by die contest metfuxlfl that the comple¬ 
mentary for li certain yellow' is u certain blue, we may proceed to 
ascertain whether ihk is strictly the case by preparing disks composwl 
of theSG two hues and rotating them on iUxweirs machine. If the 
hues are complmnentary the greaUst pcesibk degree of whitened 
will be pToduoei!. 

SneecKiive contrast finds only a limited application in art, although 
it is of course conceivable that the intensive fixation of one colored 
area in a painting or a design might, by succe^ive conlrost, greatly 
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modify the colored impressiou crejtfcod by shifting the eyes to imother 
part* It is improbable, however, that any artist biiB laid on bis pig¬ 
ments witli tbia object in view, Keverlhelcas, successive conlmst 
may assist um gri-iitly in the actual determination of tbe comple- 
mentniy hue. Tbns, to take again our example of the gray wall 
iisuinst tbe green backgroutitl, we may exaggemte the effect of the 
green on the gray by regarding tbe green for some time and then 
sbiftiiig tl»e gaze "to tbe wnll. when its purplish hue wdll be found to 
1» much iiitensilied. 

Sunuttaiicuiia contrasu cm the oilier band, is of paraitiount impor- 
laace in art; indeed, it La oa important in tlie final intpression pro¬ 
duced by a painting or a design as any other quality which this may 
possess. This importance depends on the fact that when two colored 
surfaces are placed in apposition each becomes changed as if it were 
mixed to n certain extent with the complementary line of tbe other; 
or if Ji gray or a tint of low saturation (see p. T33) b apposed against 
a saturated color field it will assume a complementai-y hue of greater 
i>r less saturation, according to the relative orea of brightness of the 
iip[)osi[ig areas. By applying these jinnciples in picture painting 
unsaturated hues may he caused to aseuine much greater degrees of 
satiimtioii, while, if tlw apposition be false, hues in tbemadves of 
a linos L complete saturation nmy become dull and subdued. 

To the artist it comes to be of the highest importance that he 
possess some easily romcmixired scheme by which he can predict these 
contrast effects. The color triangle may be tlins employed, but a 
simpler, though pcriiaps less scientific device, for the same purpose k 
the chromatic circle of Rood (fig. 2). To construct such a circle we 
must ktioiv tlic wave lengths of the various colors which we desire to 
cuntraat.’ The diffenmees in wave lengths are then calculated so as 
to correspond to angiilHr differences, these angles being formed by 
the radii of tbe circle. As in the color triangle, opposite radii will 
join complementary colors and the center will represent white light; 
i. e., tbe nearer the center the less will be the saturation of the color. 

If one such circle, drawn on transparent paper, be au[ierimpo3e<l on 
another, the effect which is produced by contrasting two colors can lie 
readily ascertained. Thus, suppose we desire to detei-mine tlie influx 
emu which rwl has when contrasted with the other colors. Having 
accurately siipcrimpowd the two circles we move the transparent one 
so lliat the point on it which corresponds to red is displaced along 
the line joining red and ik compUmentary, hlue-green. The colors on 
ihe iipiier circle will now stand in positions on lowur correspond¬ 
ing to the changes in hue and saturation which tlicy would have 
suffered by contrast with red. T hus orange will stand nearer tlie 

•TM* wn lie dnB« bj Mmeuloa tie rtloH *IUj Umm bf b hl*hlj ouiCBiaea aiHCtrani 

<*r ^ itBzUii. 
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S green-blue trill njet^lv 

^mored farther from the center, which mean., that orange will 

^Turlr "“f yellower, whereaa green-hlue will increase 

in aaturatiou but be unaltered in hue 

"’y eontrasting two 

M ore ,s to move Lem farther npari on the chromatic circle, Ihtis 
fusing mainly a change u, Lae in the case of colors that stand near 
aplrt"*'* ranJtmg n chiuige in saturation in Ihosa which are fur 








In order that the contrast effects may be Inkcn full advantage of 

foilrj M r'^hT'* most imixirtanl of thcfare 

ns loJIows. (j) The compiemcntaiy tint wliich grav aa^iimes is most 

'ivid when ,t m somewliat darker | i. e.. of less brightness, sw p. 751 > 

than tlie hno against 
which it IS ' 

the case of the 
rolors (the re 
onmgea, and yellows), 
and when it is lighter 
in the case of the cold 
g colors (the greeii-S anil 
blues). The dividing 
line between,the warm 
and Cold colors may he 
taken ns that Joining 
the comploniontaries, 
ycllow-grteec and vio¬ 
let. (2) When a color 
ftf tow aatiinition (i. e,, 
Ticarly a gray) is ap- 

saturation and of oomplcmentan- Liie ih. r 

saturated, and. converaeJv. if two color. ^ become more 

but of unequal saturelion’lie an^^ ia hue 

Wien they are not ciimpTeZ^r^ 

greater change is that which is the pnler ?37Th^ ’mdergoea the 
are produced when the color field whose hue it 
much smaller in extent than that of ibt ^p., i * <1fesired to alter is 
oomplotcly surr^iinded bv th« lattL^ tw^!! 

between the areas tlie J-omulein^r ^ thick bhu^k line 

Tims tile complementary hue which ^ ** suppressed. 

. «.io„d sriJ^ “ T< f,-'LT. h' *"Y "" 

.•»n«a...h l«.vid™i if . It 'ick S , ™ !rf “““• 

pnper at the edge of the gray men tha JT ^ 

.He«...u.«f i„. 
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(he Other hand, when a colored area ia Tery small it under goes no 
complcmeiitarj' change, but merely blonds Trith tlio neigliboring color, 
(4) To obtain full advantage of color apposition tlie oolorad patterns 
should bo very simple and of similar testure and their surfaces should 
be broken up by detail to the least possible degree. (5) The most 
marked comi>lei'iieiitary effects are obtained when the opposing hue.s 
arc of equal brightness. 

W'hcD we attempt to employ the chromatic circle for another pur¬ 
pose, namely, for dclcrmimng what will be plensing and wliat difi- 
pleasing color coiubmations, wo find that its use Is somewhat limited. 
This isbecttuso a p^diological iuJIuence enters into our judgment In 
such eases. In general, however, it may be taken as a working 
hypothf^a iliat good combinations are always more than 80-90'' 
apart on the circle; tJiat is, they should be separated from one an¬ 
other by sdjout one-quarter of tlu4 mrcumferpiice. Even compliweii- 
taries mnj form displeasing coiabuiatiojiB (i, e,, certain reds and 
greens), in which ca.se, as Komi has pointed out, the hues ace uaimlly 
far removed from the line ivhich separatea tho^e that are cold and 
warm. Wien we are compelled to appose hues hatdng a hurtful 
influence on one aiiotlier, the unpleasiiig impression which they trento 
may be lessened by certain expedients, such as by assigning one of tim 
hues to a much «inallor field, or by decreasing the saturation of ono of 
them, or by adihiig a thii‘d hue whose position on liie chromatic circle 
is as far ns possible removetl from the others; thus the diiutgrceable 
effect of a yellowish-green and yellow is much im])roved by tho addi¬ 
tion of some violet, etc. 

Sio far, for the sake of simplicity, we have regardetl but one quality 
of o color, its hue, although in doing this it has Iweii impomible en¬ 
tirely to neglect the closely related qualities of bnghtne&s and satura¬ 
tion, These we alioil now proceed to consider, 

Brightni^ is most marked, under ordinary conditions of ill urn illa¬ 
tion, around the yellow portions of the spectrum. It is a property 
whid) is exhibited in marked degree by different grays. Indeed, it 
is measured by finding a gray which appears of equal brightness to 
that of a ^%'en color. Such measurements may bo made with coa- 
siderabto accuracy by finding a gray background against which the 
color becomes indistinguishable when viewed by the very outermcei 
liortions of the retina which are color blind ; that is, which see no hue 
in a color but only a grayness, the diigree of which is proportion id to 
the briglitncss of the color.’ To make such comparisons, the person 
must regard a dot in the lamter of a plain blavk surface and must then 

^ The fo Juiff* L&e dri^nJa cvti tin? pT¥«iiPf In the relSna of pMlIer mfere 

InSV exihrm ThMpo are atwfhl fmm Ihe fwrUAfli VB.d fflike 

their apprtmms the fenleT. there Ee, IhiJXfforn. a replan Twrwetq Ihe ptfiphttf 

AEtil the «|]lcf tit Lh* reTioA whieh i* pHrlXf ijolar fellndH hlue aod being pef^Ubli. 

oat red and gi**a atiU appeatltw li 
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^duallT move u htiiqU piect^ of colored or of gruy popei', mounted on 
0 suitable handle, from the pcriiihety toward the center of the sur¬ 
face. At fl certain position the colored paper will be seen «s grar, 
because the rnTs of light from it arc striking the color-blind areas of 
the retina. Vnrions grajoj are used until one is found which mntches 
exactly with that createsl by the colored paper. A still simpler 
method consists in rotating the color on s Maxwell disk along with a 
synthetic giny. In this case judgment of equality may. however, Ije 
somewhat confused on account of I he gray assuming the coiuple- 
mentary liue. 

Brightness pJarsu most important part in tlicphenotncnoi]: of con- 
trast, for not only is the simultaneous contrast of hiH'S obtained most 
strikingly when these arc of equal brightness, but we constantly ex* 
pei'ience brightness contrai^ing itself. ThxB pieces of the same gray 
paper placed on gray backgrounds of valying degrees of brlghtnesa 
do not look at all alike. It is particularly at the turdcr l>ctwecn the 
two grays that contrast briglitncss is most cAidonl. This suhserrpH 
the function of creating a sharp bonier between tlie grays, and it can 
be demonstrated by causing strips of different gray papers to over¬ 
lap one another like the tiles- of a roof or, still mom strikingly, by 
rotating a disc on which when spun ap]>eav three circles of different 
grays, each synthesized from black and white. In both experiments 
the grays, though really [tcrfectly nnifonii, will appear us if shaded 
from their edges. 

f^ince wc uieaEure briglitiiesti in terms of gray ness, aiiii since it ia 
most marked at the yellow portion of the siwctriim, it follows that if 
we desire, for siici;essful contrast effects in picttii-e painting, to appost; 
yellows with bhiesf or deep reds, we must emplov some artificial 
means either to increase the brightness of the blnes'or icds or to de¬ 
crease that of the yellows. This can he done by mixing the pigments 
with white (or black), that is to say, we niav alter what the artist 
spenkA of as the value of the color but which in so far as white is 

used for producing the alteration is more correctly culled the satiira- 

don. 

It may iiidwd he said that the object sought in mixing pigmeidh 
with white e., changing their satiiration) is to give (he impresaiun 
that their praperties of brightness have been altered.' Wlien it is 
flesii^ to raise the brightne^L of a given color, we can succeed ontv 
to a limited degree by using more pigment; to obtain it further, we 
must, as esplained, employ the property of ainmltancous 

rontrast. These methods used by the artist to nlteV the brightness of 
lus colors are, liowerar, liable to have a dulling effect on the whole 
composition unless they are used with great caro and judgment. 


^ «l«r latoullT. Whleb u para, . pSy.Im 

imperil aul bpoa tUo ■mputndr o.r ih» kagtu. ^ U » P 7 
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WhiiTi ho is compelled to lower the saturation of one color he must 
be careful to apply those neighboring on it in such a manner as to 
gi ve the impression ihai the whole of that poriLon of the picture is 
of the same brightness. This he may do. cither by making his pig* 
menu of Aitnilar sathratioji of by iiP«orti»ig the sis«? of the colored 
areas, bo that they appear by contraat to be of similar aaturation. 

It is a well-known fact that our judginent of the relative brightiMsw 
of colors, and to a certain extent of their liuesv. Iwcowea altered when 
the conditions of ilUimination ure changed, A picture incwetl in 
broad daylight nnty create a very different impression from that 
which it produces iii dull illumination. For exainplej its hues may 
1 h* dull aitd muddy iiuder tlie conditions of illumination that are 
ordinarily present in a dwelling, or even in a gallery, whereas when 
viewed in broml daylight it nmy sparkle with brilliancy, or there 
mav be verv little change in the actual hues, but the portions of the 
picture which appeared to be of greatefit brightness in broad day- 
liglit may in dull Jigbt actually sliift to some other part. 'rheflC 
changes are due to what is known ns adaptation of the retina. The 
must striking illustration of this is furnislied by obsei viog the colurs 
of a rtower bonier after sundown. Let Us suppose that the border 
1 ‘oiitains gcraniiuiis (scarlet), lobelia (blue), and coreopsis (orange). 
As darkness iippniflches it will be noticed that the red gcraiiinius be¬ 
come duller mid duller utilil at lust they uirti black; tliat the orange 
coreopsis also becutiieji more Dcnirtil. but that tho blu« lobelia main¬ 
tains the Same color cjualities as it possesfacd in dnylight. The most 
I'eniarkabU' change of all occurs, however, not in the hues, but in the 
relative brighlnes of the colors, for it will lie noticed that tlie sensa¬ 
tion of greatest brightness has gradually shifted from the I'wls ami 
yellows to the bines and gicens, so that the foliage ami the lobeUa 
mar actIIally come to appear brighter than the coreopsis and the 
geraniums. It i.s needless to point, gut how Important an apjirecia- 
tion of thcKt* adaptations must bo to the artist; how careful lie must 
lie to paint his picture in the d^ree of iilutuinaiiou in which he ex¬ 
pects it to be viewer!. Tlie physiological e-v pin nation of this ad apt a- 
lion is that the outer portions of the retina assume a much greater 
degree of sensitiveness in dull light, indeed, they come to be more 
sensitive than the central portion itself. ThLs curious change ex- 
plBins why witliout directly looking at it we may be conscious of the 
presence of a small light in the darkness^ star for example—which, 
however, disappears when we direct our gaiw to it. The ability of 
the thus sensitized outer portions of the retina to judge colors diJTers 
from that of the octitral portion. 

Wlien we come to apply many of the principles of chromatics in 
art, we arc met with difficulties which at lirijl sight msty appear to 
be Lnsurwioiintable. In most instauces, however, this is by no meam 



736 


ANNUAL llEPOnr SMITH sox FA INSTirUTIOX^ 1D13. 


tlic coset aii<l we shall now ctnlcavor to sliuw how corLiiin of these 
tlilhcoldes can l»e explained. First of all, witJ) regiird to tho mixing 
of I'ligmentd os coinjmred with die mixing of colored lights, of course 
ihe two procosifei jideld Tory dilfomit resitits: for exaniplo, mixing 
yellow and blue lights, tis wre have seen, produces almost pUro white-, 
whoroas mixing these colors as pigments, as every artist knows, 
proctiiees green. Tlie entire went of biiuilarity in the results whicli 
follow the mixing of colors by the two methods has had the effect 
of tuukiug some artists coiicltide iliat the laws of chromatica ai'C use- 
less as guides in the praciiral use of pigments. But this i? wrong, 
the apparent ^liiTvrenee being really duo to a very simple cause, 
namely, to the fact that by mixing pigment we substract the color rays 
from entering tin* eye, whereas we add surfi rays when we mix colored 
lighm. To make this clear let us retuni to our example of blue and 
yellow. fliTica wo nsa these as pignients. we luust remcniljcr that 
tiiQ pigment particles have a t4*rtain degree of trutis[>arcncv so that 
light partly |>enetrates Llienu certain ray* being then rcflw'tcd and 
certain shsorbed according to Ute hue. A blue pigment, for example, 
ahsorlm all coiistitiiunl rays of white lig^it except the blue and the 
hues which border on Idiiq in the apcctrum, it being impoiqfible to 
procure pigiiienLs which are iwi puns that they do not let ttutiiB other 
hues bcHiclus their own ehamcleristie oitu iniaa through them, Simi¬ 
larly. yellow absorbs all tlip s|H!Ctra1 raj's save the yellow, the 
orange, and the gtecn. Adding th&c two pigmentd together, we get 
I'very sjwctnil ray atiM^rlied except green, a ceitain auipunt of which 
both pigments have allowed to pa^s. In s similnr way we ean ex¬ 
plain why blus and red give purple and wiiy a mixture of all the 
s)]ctdral colors as pigments produces a dark gray of imc^rtain hue. 

The alMive applies to a matt Gurface; wlien there is any trace of 
glmc, tlien- COUIIH into play another fj\ctoi- which we must now ron- 
Mder, namely, eiirfacv reflection of wmo white light which has not 
penelralcl the pigment iiartides at all. and which therefore causes 
the etdor to la- more or less mu-sturated. It is bv diminkhing sur- 
face reflection of white light that the colors of'a picture may be 
niised in saturation by subjecting it to alcohol vapor, wbkb softens 
tho medium and tHnoves hurfaoa crHcks. Ridlection of wlijto light 
also takes place at the surface of tlie pigment partidia themselves 
and h greatly diminished when these arc eitreiiielT small, hence the 
imporuiire in flit manufacture of pigiucuts of thorough grlndini- 
It is further mininuied by suspending the pigments in oil 
this caUiWB the liglit liefore it strlkesi the surfare of the pionimt 
ticlw to pass through a mftlium which k of HpproximHLih^^ 
density as that of the pAi-ticles tbcniselvea Thk redii(.«,'n 
tion, bccniise the Lhe dilFcrfiiLis d&nsiiw Vint\trxk« 

the greater the reflection of liglit at the interface botween'^them 
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The quickly vibrating (blue) rays of the sfyectrum tend to be re 
fleeted more readily than the slowly vibrating (red) rays, hence w« 
often find that a subfitahec is bluish by refiected Ujdit. whereas it Ik 
reddish wlteu the light posses through it. It is, indeed, for this rea¬ 
son that during the day the akv’ looks blue, tlio light being refiected 
from the fine particlefi of dust aud moisture whicii are constantly 
suspended in it, whereas after the sun has set it is red becHuso the 
slanting rays come to be transmitted through these particles. 

Artificial illumination alters tha hues of pictures mainly because of 
mixture of colored lights; tliat is to say, of the hue of the light ra¬ 
il wte<l from the surface of the picture and of the line due to the par¬ 
ticular pigments employed. Thus, if we regard a picture in j’ellow 
light (gas, carbon filament, etc.), the pale blues may appear white 
( mi-ring of compleuicntaiy colors), the deeper blues us^me a green¬ 
ish hue; and the reds turn to orange. 

In the colors which we see in nature influences of a similar kind 
are constantly at play, for aveiy object, besides being illuminated by 
the prevailing light, has thrown on to it colors whii;li are reflected 
from near-by objects. In analysuig these influences there are, ns 
Rood has pointed out, at least three factors that must be borne in 
mind. These arc (1> the natural or ‘‘Io<aI color'" of the object, 
the cause for which we hare already explained; (2) the colored light 
which is reflected unaltered from its surface, just as we have seen 
white light to be; (3) the portion of this color^ light which b not 
entirely reflected but which penetrates the surface and is then re¬ 
flected. Let us suppose that wo are regarding a red wall of glazed 
brick at the edge of a grass lawn; the local brick red of the wall 
wUi be materially altered by surface reflection not only of the white 
light but also of blue-green which, being approximately its comple¬ 
mentary, tends to lower its saturation and puH it toward neutrality; 
at the Lime time, the green rays which have penetrated will on re¬ 
flection assume a yellowish orange hue. The total effect is therefore 
that the rad is somewhat removed toward neutrality and at the same 
time made to assume an orange hue. But it is by no means always 
posaihte to analyze these color effects, so that we must depend rather 
on the accuracy of the impression which we receive, at the same time 
bearing in mind tlmt even objects with which we usually associate 
the most poritivo of hues may under certain conditions become en¬ 
tirely altered in.this regard. In their use of colora, the post-imptes* 
sianiste are most careful to allow for these influences, although they 
may employ hues to produce them which at first sight appear to be 
entirely out of place. 

Finally, we must say a few words about the relative refracta- 
hility of different colors; that ia to say, the ease with which the 
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(iifTerent spectral hues are hroxight to a fociis on the retina. The rays 
of slow ribrntioa, as at the red end of the spectmm, arc le^e readily 
Jo(?U!«ef] than those which vibrate quickly, as at the violet end. Con¬ 
sequently, wlicn mi rays are in focus, violet rays pro over focused snd 
vice versa. The appltratian of these principles iti art depends on the 
fact that our judgmeni of distance is partly associated with the 
amount of effort which we must make in order Ig acccuimodatc our 
vision. At rest the optical apparatus of the eye is accommodated 
for distant cibji'Cts So that when these come nearer than a certain 
point an effort is required to make the focusing stronger. From the 
amount of this elf oil we judge in part of the distance of the object. 
Now, it takes more effort to focus red than green or blue rays so that 
we always tend to kjcate a red object as Iteing nearer than one that is 
blue or green. These facts can be ven- beautifully demon.'Arated by 
looking at red and green lamps placed side by side j the green light 
appears to be behind the red. And in picture painting the some 
principles can be applied, and seen] to be so in many of the popt-lm- 
pressionists' paintings; objects are brought forward by being cokTed 
in the reds and they are pushed beck by the use of blues and violets. 

These farts hnng its to h disenasinn of the infinence of the bine- 
violet line which so many post-impreastonisits are using to outline ob- 
jeeta to which thw desire, without diading, to give the impression of 
rotimdity, tir more correctly, of projection. The effect of such a line 
is iwrhaps best demonstrated in still-life studies where ita esbtenee 
at the edges of. say, a vase, will, when the picture is viewed at such a 
distance that Uie line just disappears, cause the vase not only to 
stand forward from its backgromid but also make it appear rotund, 
as if shaded toward the edges, Tlie line is soiuetimes used in land 
iicapo pictures with the object of holding the pattern together. These 
effeefe are most marked when the object is painted in hues that are 
conFiderably removed from blue on the chromatic cLrels, or are of 
nuidii less saturation (more removed toward neutrality). Similar 
effects can sometimes be obtained by the nee of a black line, but none 
of the flaring hues can bo successfully employed for making it. It 
is dilRruIt to explain the action of outlines: Indeed, it U airuost 
t’pjtoin that fiovernl factors play a role in prodiioing the illiisinn 
which they create, When the line is a blue one and the prevailing 
hue of the color field which it borders tends toward yellow a f^. 
thetic gray udJl restdt at a certain distance, thus creating the impres¬ 
sion that some spooe exists hetween the object and its surrounding!). 
Wben A black line separates two colored areas there oreuts a certain 
amount of irradiation on to it of the neighboring hnes, which there¬ 
fore undergo a more or leas sudden lowering of intensitr at its edges, 
which become more and more pronounced toward the middle of tlw 
line until the huee finally meet and partly overlap, thus producing a 
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certain amonnt of synthetic gray. This phenomefion of irradiation 
IS ireli illustrated Iqr comparing two squares of equal aze, one being 
black on * white field and the other white on a black field f the white 
square looks distinctly larger tbau the black one. The reason is that 
the stimulns produced hy white, mainly because of imperfect focus¬ 
ing, spreads on the retina somewhat beyond the margin of Its imap. 

In this account we hare not essayed to explain all of the ppuliar 
effects which are produced by some of the most modem creations of 
the so-called post-imprassionists. TVe hare merely indicated some of 
the physiological truths of color vision upon which certain of their 
color illusions depend. To go further would require consideration of 
many optical illusions for which at present there exists no satisfac¬ 
tory'exptanadon. These are not illusions of color but illusions of 
line; indeed, many of the latest post-impressionistic pictures are pro¬ 
duced almost entirely in black and white, and the peculiar emotions 
which they arouse depend on metaphysical processes whose explana¬ 
tion we can not tmdertake to expound. Their aim is “ to create an 
illusion of the fact** rather than the fact itecif; to write “a visual 
music which shall in itself arouse the emotions.” 



fundamentals of housing refoem.* 


By I^r. JAUm Folo, 


A hou!;itig problem may be said to exkt wherever any portion of a 
population dwells under conditions dangerous to health, safety, or 
morality. The problem is present to some degree in every American 
citj*. It is usually occasioned primarily by tbe lack of guidance of 
urban growth, by poor planning of building, faulty construction, 
and defective sanitatloti; it is aggravated by the greed of some 
Landlords, the carelewucas of some tenants, and ignorance of the 
laws of hygiene on tbe part of both. The result of bad hoimng is ill 
health, botJi physical and moral, and thereby industrial inelficieacy, 
unemployment, and a long chain of preventable social maladies, 
which are very costly to the columnnity, and which place a heavy 
handicap upon individual and social achievement. 

ItOrSlNO AXD FrBi.lO }|£AT.TH. 

ilati’s dwelling exerts a marked influence upon bis life and char¬ 
acter. Krom one-third to one-half of his tim^—atld much more 
than half of the time of women and children—k spent in the home. 
Bad bonsiDg conditions affect health insidiously by slowly under¬ 
mining tbe vitality and thus rendering the individual susceptible to 
disease. But bad housing conditions also constitute an environment 
favorable to the life of the gemui of a niunber of diseases. For ex¬ 
ample. the bacillus of pulraonaiy tuberculosis can live for weeks and 
even months in a dark, damp, ill-ventilated and ill-kept environ- 
in other words, in basement dwellings, in dark halls and dark 
chambers. The germ of tyjihoid fever may not only be conveyed 
tbrou^t tbe water or milk supply of u city, but is stated ako to be 
carried by flies and vermin from the flitb in which it was deposited 
to the food of urban households. 

Thus a city with an insanitary water supply, or with manure pits 
and garbage pails uncovered in which the fly may breed and privies 
in which the bacillus may be picked up, is an environment favorable 

by flatbiir ttom ^rtlde In ‘^Tte Ajarrlcmik City*'* Nmt Tofifi, 
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to the apreud of typhoid fever. The tetiement house with its halls, 
stairs, aiid water closets shared by uaay families becomes n sort of 
clenrm^-houiie of the contagiuu.^ diseases—scarlet fever, measles, etc. 
Tile coDimoD waler-closet may he the source of spread of venereal 
disease. The Lidiscriminate overt'rowding of steepitig rooms by both 
sexes muy result in the rtpread of tiie same diseases and also in ati 
imdettiiining of the health of adolescents and adult'j through ueu- 
rastbenia and other disease^ which over-atimulation of sexiud Instinct 
and its unsattsfactory fuldllmeiit may occoaioiL 

ilOUSlNO ANl> m aLIC SAVJBTT. 

The safety of on urban population is in many ways affected by 
housing conditioiiB. The ovct'crowdhig of lots with buildings erected 
of combustible material creates a serious eonllfigrutLon risk, especially 
where bulldingjif are of frame exterior or are used both as stores and 
dwellings, as L> common in onr large American cities. Fire escapes 
reduce the danger to teuanbs from dre, but Iniproporly constructed 
fire escapes constitute a new risk from accident. The presence of 
Stax'S, bakeries, and work shojis in nonfireproof tenement houses; 
the storage of combustible materials, such as rags, paints, etc.; the 
eneumbratice of fire escapes; the pioximity of ruilixiads, and the 
manufacture of I'xploaives-^il] affect in varviug degree the safety of 
the tenant. 

UOtrSiTXci i?fD MOlLVLITY* 

Intimately dependent upon the bousing conditions ig the morality 
of the population. The crowding of rooms witli three or more 
members of a family, children of Uth sexes steeping together or with 
parents, and the presence of iodgens within the tenement make im- 
poesible the maiiiteiianoe of high standards of pemouol decency. 
Premati^ knowledge of aex function by the diildren is the inevitable 
result of overcrowding, and often mtirbid stimulation of sex Instincts, 
sex Reversion and vice originate in room congestion. Yet india- 
enmmato crowding of sleeping rooms prevails very widely within 
the unmigrant population gi-oups of our cities. Tiie dark halls and 
wmmon toilets add to tJie menace for the growing cliiJdrtm of the 
tenements, and frocjuendy the presence of commercialj«Ni vice within 
residence quaxteri familiarizca the child with the worst element of 
our cirilizBtion before the child’s mind b far enough develoned to 
n?sist the superficial allurement. 


UOL’ftlNO ASS EmcjEscy. 

A general reduction of vitality, or disease of i 


ihrOLgli residence under eouditioiis above descriW^ 
lariJy in reduction of industrial dSeienoy. Disease 
from work, which means redm^ earnings, increased 
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})erliapfi also a long period of uneniploypjent before ne-^r work is 
found. In extreme examples a state of mind which has been termed 
‘'slum diseafse” is apparent, in which mdividuals have become ehrou- 
ically jiidiflcrent or careless because they have found themselves 
unable to cope effectively with an always depressing environment. 
The serious effect of this attitude of mind upon industrial output is 
obvious. 

llOt'SIXU AN& SOCLAi WELFAiUC. 

It is impossible to create a high civilization in a democracy where 
a large portion of the population must exert its entire life in strug¬ 
gling against destructive enviponmental conditions. The body is 
the tool of both mind and soul. A healthy body ia a first requisite 
of the largest moral life. .4 ji individual can contribute little to the 
promotion of general well-being until rid of the weakn^ or pain 
which ill health causets. The essential prerequisite of efficient democ¬ 
racy is a healthful home life, with elimination of all the destructive 
elements now present in oiir slums and wjtli the presence of the con¬ 
structive elements—■sanitation, safety, ventilatiou. sunlight, space, 
privacy, atid beauty, 

ilOVSIXO LSCISLATION, 

Public action, to render the eiislitig slum less dangerous to physical 
and moral health, liegins m ‘‘health acts” the prov-islon of public 
water supply, pitblic sewage systems, aud the regular collection of 
lefuae. Modern cities or States usually go further and feme hesltb 
laws, governing the [uijiimum sanitary conditions of existing dwell¬ 
ings. In America the inspection under these liras onlinarily falls as 
an additional task to existing liealth or police departments. Build¬ 
ing codes, enforced by t local department of buildings, generally 
ael mini mum standi nls for the construction of new builtlingp. There 
18 a definite modenj temleucy to fi«e requirementa covering new and 
old teuement houses in teiiemeul house acts or housing acts passed 
by State legislatures. Such arts may apply to specified cities, to 
cities of specified clauses, or to an entire State, and may be either 
compulsory' or penuiaaivc. The recjuirementa should cover height of 
new or altered buildings, size of yards, courts, rooms, the lighting 
of rooms and halls, fireproofiirg, etc., sad should establish standards 
of sanitotion and upkeep which would mske it impossible for any 
person to build or occupy a tenement which is denionstrably danger 
oL to healtl^ safety, or morality. Administralton under such act* 
should be ddinitelv provided for, with ample penalties and ample 
funds for cdnlinuous and carehd inspection, and for all office work 
involved under the act. The details of such laws are suggested by 
the experience of New York City, New Jersey SUte, Columbus, and 
bv Mr. Lawrence Veiller'a recent book “A Moilel Hou.*dng Law,” 
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Tiii: cmr plan axp tke Houfii.vo rROEtLEU. 

Tilt planning of cities InTOlTes the ndjiatment of the physical ro- 
sonrces of the city to meet the needs of its population, present nnd 
future, ^ie proper planning of cities may be made to Itnprore hous¬ 
ing conditions in a variety of ways. The functions of city planning 
may be considcicil convenioiitly under two captions. Pirist. tbe re¬ 
modeling of the old city, and second, the deletminstion of the moile of 
development of new sections. Of these tlio first prngr&m is largely 
remedial in character, while the second is fundamentally preventive, 

From the housing point of view the remodeling of portions of the 
ci^ already buill may not have a marked effect upon the dwelling 
conditions of the population in ijuarters so treated, lu any district in 
which streets are widened or trees or grass atripis are placed, impetua 
for the remodeling of old buildingH U lilcely to be purely superdcial. 
A new brick face may be placed on an old insanitary Imiidtng. Tlie 
dark room may remain, btill under such conditions the occupants 
profit by on increase of light and oir from the widened street, by 
purification of air where trees are placed and by the increased 
beauty of their outlook. 


THE IKSAKrT.^V ABEA. 

City planning within the heart of a built-up city may also involve 
schemes for dealing in a largo way with districts in which the houses 
are highly Lnsanitory nod are beyond repair, positively unsafe, and 
dangerous to health and morality. There are many ways io which n 
district of thk sort can be treated. First, it may he neglected bv 
health and tenement departments that are overworked and uoahle 
to deal with a problem so large and apparently hopeless. In the sec¬ 
ond place an attempt might be nmde to repair the district, cither nt 
the cost of the city or by the city at tlic cost of the ownera (the Bir¬ 
in ingham method), or the owners might bo ordered to make the neces¬ 
sary repoirs at their own expense. Special powers would be necesarv 
if imprevements on private estates are to l»made hr the mimicipaniy 
at public espense. The third program would undoubtedly rcauli In a 
patchwork reform, Ko one of these programs is adequate to deal 
with such diatncis; they are merely pnlliaiive and might reduce but 
would not destroy the unhealthfulueas of such a district. 


IIITO 


Another possibility would be the complete destruction of the entire 
CO by the city. This might be done with the intention of renJarin*, 
the *reo with a parkas wag done by Xew York Citv, for examnle i 
ihe notorious .Mulberry Bend^or the area could be rebuilt hv „s! 
with municipal dwellings or other buildings. The cost „f tk 
half of this latter program reitdcTu iL undisirnbJo if there k a 
whu.i, is A, 
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r^buiitHng of inf^niUry ar&Ei^t bi Txjiidaii and Li?etpooK wher^ 
muaidtpai bouaitig is an acce^ptod form of mtinkipal bn^ltie!^ hA» 
ii^ver proved a payLtig imilL^rlabing, chiefly for tbo following reasons: 

L The origuiflfci>st of the land and of the d^ruction of the insan- 
itary hpuses is either prolubitive or plaoes a too heavy initial charge 
upon the under* aki tig. 

2* It has been found imppsible to build niunicipal teoemeubf on 
the same a(*es to house heidthfully as many pensons m were dishoused 
by tlie slnm-clea ranee schme. 

S. The origiJial dishonsed population tends to crowd with otlier 
families in amall tenements while the area is being rebuilt and doeij 
not retiim to Uie new buildings when liompletedt lar^ly because the 
rents are inevitably higher than they were for the original accommo- 
datiun. 

4. It becomes profitable for a low class of specula tors to buy insan-^ 
itary property and hold it unrepaired m the hope that the Govern- 
ment will purchase it for a sIumH?leftcancc ^heme of thk eort^ paying 
thcm^ is usually the case^ more for the land and b^fildings than they 
arc really worth. 

Even if these argiiuients were not o|ierative in Anierican cities^ 
municipal houaing would for the present at least be undesirabiOf 
both because it h unnecessary (private capital, pi'operly cncouragedt 
can be relit-d upon to provide the necessary accommodatione) and 
also because in our Anierioiin cities we can not guarantee the con¬ 
tinued employment of expert tm?n to operate a mtinieipa] housing 
department Municipal housing will not pay where long tenure of 
ofEoe can not be guaranteed to efficient administrators, or where poli¬ 
tics and slender appropriations can ruin the work of competent 
admi iiistrator& 

TA-^ATION or LA.VD VAL,X7Ea. 

Auotlifir possibLe vtay a1 dealing with such a a area deecrres very 
serious uud extensive consideration, and Uiat is the use of & srstem 
of heavy inxatiou of land values or of the unearned ineretnent. As 
these DiesirUKs involve many other considetaliaua besides those of 
liousing, these other bearings of the subject should, of courser be 
studied with utmost care before the adoption of ihe scheme. As a 
fiscal measure, however, the taxation of the iineamed increinent from 
land values is, witliout donbi, a peculiarly just form of taxation and 
is cftlculated to bring large anmiiil sums mto the city treaimry. There 
is no question that the commuuity is chiefly responsible for increases 
in land values- It is just, tberufore, for the community to appropri¬ 
ate such increases in value, csjiecially if it can do so without placing 
ftov hardship upon industry. The only serious difficulties arise b 
determining a prattifal method of appropriation and usseasment. 
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Tiie diverse sehemt^ uf Xiiiw Ze^ilnud, Genutitiy, EaglaDd^ and 
ent CiDiidA should, therefoi^, be studied, and the desimbilitj of 
iiblng one of these methods should be cougSdeted. 

The aptdicatiDn of a heavy tax od laud valui's {method) 
iu the district iioder conaideraiLf^u [a district in which the value of 
the laud far exceeds the value of improvements upon the land] would 
have a marked effect upou housing conditlous^ atid would be the 
cheapest way (assuiumg thiit a just met hod of appropriation was 
found and employed) in which the city could deal witli iliis district 
If the tax were taken off the huildjiigs within such a district and the 
entiri^ tax was levied upon landj the owners of ihb property would 
dud it unprofitable to hold their laud in its present m retched stain. 
If the entiiv tax of the city were kvkd upon land values^ the ownciis 
of all property that is improved would find their taxes reduced, bin 
the holders of vaeant land or of hind unocijiiumicnlly developed wouJd 
find their taxes increased, md w^ouUt i>e coufronted with the necessity 
of building or of selling to some individual who would be willing to 
build. 

mi’OE'rASCK OK ?imEirrs. 

The housing conditions of a city are affected ma tor tally by the 
street plan. If suburbs aro not accc^ibk directl}^ and cheaply from 
the centers of Industry and cotMnei*oe, |H>pulatioii will tend to crowd 
in tenements near the he^it^ of the city, Sulmrhji are rendered espe¬ 
cially noccssible by incmts of broad, direct, radial fitreeU?, suggc$tivelv 
termed the arteries of the city, ilany American cities are biiiit upon 
a gridiron plan of streets, which i^ender^ certain suburbs peculiarly 
remote because accessible only by following two kgfc, of a triangle 
instead of follow ing directly upon ^he hypotonieie 

TtJJltAlKNT vmcscs CUrTAOEK 


Tlic type of city plan whicij should be fiecuretl fw voiir city must 
depend upon our iikswer tu tin- quKition, What is the'most dcdnble 
dtreUing p1a««, the teaeuiwit oi* the coUflget In the cities of Oie 
Northeastern Steles we Imve became awustonied to th« tenciqent 
bouse and do noi orUiaarily (lucstion its social utility There is 
scarcely a city in the country that is attempting in any well-oousid- 
ered way to eliminate the tene^nt house, yet there can be no ones- 

«nbk a.nroDnw.1, of il« [„i|iiy _ 

‘Siri 'i-. coo.„.,„ hiu' 


and thniugli tlie mediation of vermin wliich 
suite to another. 


pii« easily from one 
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WhcTi* people live m uportniciits ilicri' is ilso couccutrutitta of pop- 
tilaliou and liclice iniidi traffie in ihe neighboring strwU, which keeps 
the air full of dust and noise and thus renders apnrUnervt tiring iiii- 
desi ruble. The sounds from neighboring apartments frequently njake 
«sl and quiflt impossible. True privacy and solitude, though very 
iiiqjortam to t\vt moml growth of the individual, are difficult to 

ubtAilL 1-1.1 

For the family with children the upartnieai is still less desirable. 
It becotuen impossible for the mot iter of u family to choose the asso¬ 
ciates for lier children, to prevent lier child from coming in contact 
with children or adults of unwholmiuic character who may reside 
within the same building. The tenement motlier can not supervise 
the outdoor plav of her cliild. In general the atmosphere of the 
tenement or apartment houi* is one destiniHl to create a race of adults 
that are onhealthful, puny, und socially highly artihcialisictl. 

In the c:ottuge, however, it is possible to oUain all uei-csaniy pri¬ 
vacy for true home life and per)rt>nul development. The reduced dust 
uf suburban couiniunilies und the larger penetration of sunlight make 
cotuge homes healthier living places for infaiiU and growing chit- 
dren. Tlie motlier of the famUy, while at work in her kitchen, can 
supervise the phvy and the associates of her child in the garden. The 
ad^ts of the family, if so mclmed,cau profit in health at least—and 
sometimes in econotuy-^y enUivating a garden outside of workmg 
hours. Tlie cbihlren gain the advantage and education that come 
from daily contact with the things of nature, especially through the 
garden. It m probable, therefore, that, at least for families with chil 
dreii, the suburban home is preferable to the tenement. 

It ia. however, impracticable to bouag the population of lai^ cities 
in cottugo liomcs iinlcfe such homes eati be constructed to rent for a 
price (including both the cost of land and of the daily transit to und 
from work) no higlier than the same family would pay for an equal 
number of rooms within the city icuemenL X^urthenuore, fainilitei 
working within the city will not live in the suburbs if a too largo pro- 
Dortion of their working day is consumed in tramsU to and from Much 
tcmdcnce If any working member of euch family is employed fur 
iO or 1*^ hours u day in the heart of the city, the rcaidence should not 
ordinarily be placed more than one-half hour's ride from the plac« 
of business. To secure cottage homes, therefore, for ilte working 
classes of our cities, it is essential to have rapid and cheap transit, 
serving satisfactorilv all of the possible outlying residential section. 
It equally necessary to have an abimdiincc of cheap land and to 
make possible the cheap constnictioii of cottage hom^. 

One means of eiifouraging cottage construction is to ilmcouragx* 
tenement building. If. for example, we require tenement houses 
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Qvm' four stories high t* be constructed firepn>of throughouL m do 
Philadelphia, Pilt^burgbj Scninton* Sl Paiilj and St. Lotiis—ind 
require tiie three or four story tencfiient? to have brick eslerior. 
stair:?, halls, and lire tower® — iiivestni^ in hmtse projierty will con- 
btruct houses less than thm* stories in height beeanse they will be 
rninpanitively cheaper in cOi^t per tinit of conFitmetion. Mns^sa- 
chnsetts towns, which have udopU^I the pjermissive tenemeiit-hou^r 
net for town® — Belmont, Arlitigtou^ Wintlirop^ etc.—Imve elimi¬ 
nated the thiW'atory tenement hou.^ for tlie fiitiire by requiring that 
everj^ tenenient house three stories in height shall tw fireproof 
throughout. The cities above mentioned are all of them pecuHorly 
free from high tenement houses. 

THK syjSTTSS- 

The tneasiireH above indicated would tend to etiminate from your 
City all new construction of high tenement houses except for apart¬ 
ment houses of the well-to-do classes. They wmuld noti however^ ab¬ 
solutely prevent any man from constnicting such apartment houses 
on any lot in the city or suburb which he might chance to owiu It 
would jstill be possible for a man to place a high apartment house in 
the midst of a block of private residences* shutting out light from his 
neighboi^s^ homes, marriug tlic beauty of their outlook with the Ugly 
back of his building, and bringing into that street a class of popula¬ 
tion of different tastea and perlmps of a typo from which neighbor¬ 
ing parents would wish to pnuect their children. The city of Cal¬ 
gary, in Alberta, attempts to meet thb difRcnlty by providing in its 
local bnildiug code that no owner bhall build an apartment house 
within any city block unless two-thirds of the other owners in the 
block give their assent. This provision is, however, inequitable, in 
that it does not give all the persons who ore intei^tod in the erection 
of such apartment hoix^ an opportunity to vote. The ow™r of the 
property across the street would be equally affected by the building 
of such apaifinPHt house; so, abo* in less degree, would the passer^ 
whose outlook may be marretl by ita erectioiL 

To protect n cornmnnity from the intrusion of undesirable building 
types, it might he de^tirable here, os in German cities, to establish a 
mm- flj-^stcni of building. The essentia] feature of the zone is 

Uirtt a city is divided into district? in which building types are por- 
niaueidly fired. In the heart of the city the highest buHdings may be 
erected (sIa stories, in the case of Vienna): in the nest distrietp near 
the center of the city, buildings may be erected one story less Ingh 
and perha|ii3 covering a smaller propoiiioa of their lot In the third 
district will be found again a reduced height and a reduced per¬ 
centage of lot area to be covered. In outlying districts contiguous 
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buildings tenement eonelruction^ or bnildinf^ to the lot line is not per- 
mitteti, and ffcqiientlj only 40 per cent of a lot may be corered. 

Tlie constitutionality of the xoiie system has been tested in Boston, 
which has mnes. one for bnilding 1^5 feet high itmximunu and 
the other witii a maximum uf 80 feet. More elaborate stoning is novr 
in pnaelice in Jliniieapolis. 

A zone sv^teiii would inevitably iniolve the districting of faeloni?s 
if the welfare of the copununitv is to be conserved, ^ere factories 
and tenements lire mingled, the gases may render living conditions 
imhcalthfnl or unpleasant. German cities very generally restrict 
their factories to tjuartere of the city in which available tmnaporta- 
tiQW facilUi^ con be I'cnderod of the be^it, Rnd to cjimrters from is^hich 
tlve prevailing winds will carry the smoke, dust, gaises, and noise 
nway from the city^ 

i>rj.’E>rBALiKATio>; or inpustht. 

One other adjustment of the factory and cottage home is orfi- 
nariiy termed industrial deoontraliaBTion. In England especially 
housing reformers have agitated for the removal of factories from 
cities into the open country where land )S cheap mid abundant, where 
transportation facilities can very frequently be rende^ of the best, 
and where each worker can live in a cottage home. Such industrial 
communities may be established cooperatively, as in the case of the 
British “ Garden City,” or may be established by the ownera of fac¬ 
tories, as is the current .sVmerican practice, the hou^ in this case be¬ 
ing etwted fay the manufacturer either to rent or to sell on ea^ terms 
to his employees- 

THSEFf METltUDS OF B^DUCl^SP THE COST OF BUBUHHAN LaNP- 

C-ottiigfl oonstriiction for workingnaen is impossible Rt present wage 
rates unless land can be procured which is both accesaible to work 
and cheap. Much of the suburban land m Ajnerican cities is being 
hckl vacant to-day by speculators in the hope of reaping a large in- 
creose in land values. Accessible land is not easy to procure in small 
parceli. There are several ways, however, in which it may be ren¬ 
dered more available, German cities, for csainple, quite getieraliy 
buy up their suburbs and then sell the land in smaU plots under heavy 
lestrictions as to its future use or transfer, or else lease this land to 
home builders on long-term leases. By this means suburban land 
prices can be kept low, the city receiving the unearned increment of 
ite land in the form of enjoyment by working people of its proper 
usage for homos, instead of receiving it in the form of taxes or rents. 
The city of Ulm, Germany, between the years IS&l and lOOD, thus 
pui^iba^ 1,208 acres of land for $1,800,000, and sold 401 acm under 
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re^triciioti? for $lt653^000t llitis tapping from its trnnsacticni 804 
acres of land, @243,000 in monej* ftnd tbe ]owe$t fox mtc in Wur- 
tembnrg. 

Land prices, may be similarly restnumed or coiamitnities can detno- 
ci^tically share the adviiiifoges accruing from the unearned incre¬ 
ment of land by means of cooperative development. The Copartner¬ 
ship Tenants SocietJes formed by artisans^ niechanlc?^ and clerks in 
some 20 Briti^sh dties. have thus bought patches of suburban bnd,. 
from 10 to aOO acres in size, at reduced cost per unit; have developed 
such land cooperatively at reduced cost per unit for arebltect’s serv¬ 
ices. laying of streets, plumbing, sewerage, e£e*: have built their 
houses cooperatively* purerhasing maforials f<>r 50 or mote houses 
at once at considerably re<Iuced costs. Each tenant pny^ rent for bis 
cottage borne to the Copartnei^hip Tenants Society to which he nnd 
bU neighbors belong* and receives his profits (aside- from 5 per cen( 
interest earned by hie share capital) in the form of dividends on 
rents, paid not in cash but shares of stock in the society\ Tbe un¬ 
earned increment of the land le the common property of the coop¬ 
erating meml^ers and enhances tUeir prodfo. The Harbome Copart- 
nerdiip Society in ifo garden suburb on the oufokirts of Birimngham.i 
England, was. foruied by workingmen who to-day imy renta for these 
collage homes at ratet no higlier than they paid previously for in- 
samfory alum tenements in tbe city* Yet this eociety is already able 
to pai' S per cent dividends on renu in addition to tbe regular 5 per 
cent inlcrcflt on invested capital. The British workingmen have, 
however* liwd more cs|)eticnce in co4>perative methods than hav© the 
Auiericfin workingmen. 

This method of cheapening and facilitating suburban development 
b not applicable here without an intermediate period of careful 
study of cooperative method;^ by the workitigmen who plan the 
association, and preferably should not be tried until they have had 
some experience in some form of cooperative practice. Garden sufa- 
urbe of tbU character in England and m Genuany have been fa¬ 
cilitated by cheap Loan^ of eapitai from philanthropbts and from 
the governments of these toimtrka. If capital might be obtained 
frc^ni some source at 4 cent interest for building loans, and if the 
c-sperin^ent had the backing of influential citizens, ii would be mnoh 
easier to make it a success. 

A third means of reducuig the cost of inad per eottage irould [» k 
Ui^ of the knd Ux already described. If the toi were taken ft 
improvewents and placed eidusively upon ths land, the racajit 
now held in the suburbe by speculators would be placed n v 
market or built upon. It is probable that land under tI® 

tions would be more readily mTailable to modest nnrel. 

Buburba, and in so far would mske suburban hoiJng 
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EESmENTtAti STBEET8, 

Residential streets are often reiiderad costlj* through unaeees^iTi 
width and through the ejtpensiTe provision of curbs and sirlewsllo;. 
S(Hnc residence streets must be used for a fairly largs local treiBio. 
Others are by their very nature and direction precluded from such 
use. A careful study of this problem will indicate that in certain 
suburban residential quarters the width of streets might easily be re¬ 
duced to the provision of a IG to 22 foot roadway flanked by grass 
strips. By establishing a fauildlng line on each side of such roadway 
at some distance from the street^ it would be po^ible fi>r the city to 
widen its street without serious expense if that should ever prove 
necessary, Tlie proiHsion of sidewalks on both sides of the street is 
also not invariably necessary in suburban quarters where a street is 
purely local. If the street is developed only to such degree as to ren¬ 
der it adequate for its local service, the cost of street construction will 
constitute a much less burden upon home owners. 

siiE anu 6H.*rv iff ijjia. 

iTiere are several sedoiifl disadvantiige^ in having lots of uniform 
shape. In the first place a popular prejudice is created for the 
prevailing deep and narrow lot which is not easily dislodged, and 
the poor man who wishes to build s cottage home is socially con¬ 
strained to purchase a lot 100 feet deep whether he needs bo much 
land or not. It ia, perlmpa, the safest thing for a city to have stand' 
ard hds, at least in the heart of the city, until the science of lot dis¬ 
tribution and usngo is developed. It is not eosj- to make a definitive 
prescription for the employment of lots of any oUjer specific sIkt 
which would he more satisfactory for all purposes. But the lack of 
elasticity in present lot shapes and sizes is fraught with serious 
consequences. The 2.^ by 100 foot lot can not bo used economically 
for workingmen's cottager Tt is wasteful of land at tho rear, for 
the American workingman will not ordinarily start a garden as will 
the EngU^ or Italiah. It is parsimonious of land at the sides of 
houses, especially if built in the two-flat styles It becomes impoA- 
.sible to coniitnict two-fiat hou5e.s on lots of this shape which wpl not 
be too near to the lot Uae and thus to neighboring houses. 

If the arterial streets of a city are broad and jiulfidentlj strajgbt. 
and there are occasional broad cros^ streets within the reddential 
zones, it should be possible to plan mneh of tlio remaining residential 
land with naiiow dirt streets for local service purely, often, perbape, 
with one sidewalk or none, grass strips and trees at the ddtt, and a 
building line for houses on abutting lots. These streets might wind, 
which wouM enhance their beauty: and if on a hillside, ought to 
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irind In iioiiie avcordanci} fdtii tin: L'onuiiir linOH of the lull. In 
quarters, lots of vnrj'ing shapes and siKCs would he possible, 

Xoar fnctorr quatietts where land values are not yet prohibitive, 
the Philadelphia type of hoimng might be proniotwl by the eat ah- 
liahinciit of lots of H or 13 feet in width and perhaps 40 feet deep, 
to be built up w'itli i-room or 6-room cottages, two stories in 
height, with brick dividing walla on the lot line, TIou<ies of this 
type could be conatnteted so os to bo available even for the fijnilltes 
of daj' laborers, as the cspcrience of PbilndelpUia has proved. Pref¬ 
erably if this type of house is to be need, builders should be provided 
by some competent niuhority with standard plans showing types of 
conatruction llist are cheapest in design and at the same time health- 
ful and varied iu exterior. Multiple cottages of this type can be 
constructed to rent or to sell. Streets may be narrow without dark¬ 
ening rooms, but provision should be made for gross strips and trees 
on all streets of this chwocter, relieving their monotouy of type atid 
improvbig tlie air for the semicrowded occupants. 

In the outlying portions of the city’s oontlguous suburbs, both 
straight and winding streets may bo prodded, and in specific quar¬ 
ters lots narrow or wide, fallow or deep, may bo accepted occopding 
to tho prospective use of the quarter. In general, however, the 
narrow lot ^ould be avoided in such suburbs, and the permission to 
plat deep lots might be granted, or parks or allotment gardens 
planned in tho oenter of certain blocks if the city guarded the ri^t 
to push a minor street through the middle of tho block in tho fijtnre. 
Both one and two family houses could bo conrtnicte<l more economi¬ 
cally and to greater social advantage on lots from to 35 feet in 
width and 60 to 70 feet in depth than the}' can now on the 25 by 100 
feet lot. On tho wider lot, as specified, houses can be constructed 
with Equare-fioor plan, two rooms abreast and two or three rooms 
deep, reducing somewhat the cost of construction, the cost of heating, 
and the cost of fumishiDg such homes. Furthermore, the lot 35 by 
60 feet in dimensions uses 400 square feet less of land than the lot of 
25 by 100 feet. On it a house may be built with two rooms of ordi¬ 
nary siw abreast and tnay yet leave 5 feet on the side to each lot bnA- 
Thc house may be built two rooms deep and leave a 10-foot lawn 
in front (insured by juunidpal prortston for a building line) and a 
23-foot yard in the rear, which may be encroached upon by a third 
room in th^ depth of the house or by a piaxxa, or may be used as a 
garden. The only serious disadvantage of this lot plan lies in that 
it provideB for an increased street frontage, and thereby a larger cost 
to tha owner for road construction, etc. But if street costs in resi¬ 
dence sections ate reduced by the means above specified, there will 
unquestionably be a net gain to society from the use of this method 
of platting. 
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IrregiiJar lots ott winding etrieets can be rendered ecoaomical and 
exccediagty beautiful if developed cooperatively in the manner 
already d^cribed. The British copartnership garden suburbs are so 
planned nnd yet are able to house workingmen at current rates. 

rt'&uc sui*iE«visioN orscaPitsAN DEvei-opaiEST, 

If your city is to determine its housing development, it ts essential 
thot there be a municipal cominisaioft empowered to establish (sub¬ 
ject to district referendum} the buiiding zones of tbo dty, to pass 
upon, and, if necessary, reject plans of land companies for estate 
development, to determine also the direction, width, paving, and 
planting of new streets, with power to inaugurate scheinea and 
enforce its decisions in so far as they affect Wtally the welfare of the 
community. There should be a permanent city plan commission 
for the metropolitan district, even if the suburta of the city are not 
a I] (as diey dionld be) incorporated within the political city. Tliere 
is much European precedent for tlie establishment of aueh commis- 
aiona with power, German cities are so provided. English cities, 
under the towmplanning act of 1909, may swiire power to regulate 
the methcKis and G:ctetit of development of land likely to l>e used for 
biulding purposes mthin, or in the neighborhood of, their ares, 
Thev also hove power to limit the number of buildings which may 
be erected per acre and the height end character of those buildings. 

In ji\jnerica city-planning powers of this type are already being 
given by pronncial governments of the cities of Canada. In Ontario, 
far example, local town-planning commissions have power to pass 
on all lot distribution of towns of 50,000 inhabitants or more, atid 
citir,s may plan for the area within 5 miles of their limits. No 
lots may be sold until such plans are approved. The value of this 
pow'vr is reduced in so far os the promotion of workingmen's sub- 
orban homes is conceraed by the requirement that all streets sdiall 
be nt least 00 fret wide. The provinoes of western Cnnada have given 
quite »milar power to their cities. In the States, somewhat similar 
powers have already been granted to cities in PcnnBylvania and B'is- 
consin. And that power under tha Wisconsin law regarding the 
platting of land near cities, adopted in 1909. extends to all land 
within li miles of the limits of such cities. 

THE COST or carr.ic« con'stbttctton. 

Suburban development will be encouraged not only by keeping 
low the price of land and restricting its use but also by any reduction 
that can be made in the cost of constructing cottage homes for work¬ 
ing men. In general it is possible to construct tenement houses which 

SM itu3-43 
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iitnill Iw cheaper per uait of acconunodation than eoitage liomcii* 
ThLs will probably not be true where tenenient houses are m|uired to 
be fireproof* It however^ ad viable for citizens who are aware of 
tlie ui^ncj' of their local housing problems to experiment in the con¬ 
struction of detached and tnulilple cottages- The best aljllity of 
architects in Anierka been tumed to montunontal work» but the 
important social problem of designing dicap cottages has been almost 
overlooked by thenu In England the attention of the best ardiitects 
lias been turned to tliis problem by the holding of competitions witJi 
prizes for the Ijcst cottagv constructed for a sjMJCified sum (£175 
in the co-^ of the first cheap cottnges exhibitlot^T Garden Cityj 
The purchase of the houses constructed may be guarantecij by the 
promoting Isody* 

It would be desirable to interest the best-trained archilect 2 - of 
America in this prohlenij for by competition among them new ar¬ 
rangements of houses and new materials for construction will be 
brought to public attention. Such a competition nvig^it be held by a 
municipality (as^ for example, one was held at Sbefliddi England, in 
1907), but such competition could be held with equal satisfaction by 
some private urgunisaiion. The cost of cottage construction may be 
reduced also by large-scale building, buyUig and devdoping sevcml 
acres of land at a time. This may be done by philantlmipic a^ssocia- 
tions, by employ era of labor,^ by oommerdal building cuutpaniee or 
by cooperative assodatious of tenants* It is in experiiDenta of the 
type above Indicated that private organizations can do their best 
work in meeting die problem of promoting suburban houoiug. 


THE ECOXOanC AXD SOCIAL ROLE OF FASHIOK.* 


By Fizeee CucBQirr, 

I^^rtctor of jffref S^ihool of Lyon^ Fmn*-'e. 


Fashion is a custom, traaffluitted by iniitatioTi or by tradition. 
It is a forav nf luxury j luxniy in omauicntation. Voltaire says: 

Thm \s R acldeL (eaBltia awMsss 
Fttntflitk in tier teati^s^ itt udomiHent* 

vrto at oTefT flcasoft BeeinB to returo* und rlna 
Prct«us was her hex aHiu^ la Faelitaii. 

Afniiy writers liave sounded the caprices of fashion, its frequent 
coming, its suddennness. It is changeable,* unreliable, friroloUR; ilie 
most careful calculations are often brushed aside for the mwt trifling 
causes. Another charocteriEtic is its universal following. Domineer¬ 
ing. it reigns supreme over all claBscs of aoclety. Wliile tliis ** de¬ 
mocracy of fashion ” is quite recent, yet the taste for finery is as old 
as the world. 

An English archeologist, Jlr. Evans, found in the Mycenaean 
palace of Knossos in Crete some frescoes painted 1,400 years 
before our era, allowing ladies of the court cfotlied in re^lend- 
ent garments, with enormous leg-nf-miitton sleeves held to the neck 
by « narrow ribbon; their flounced skirts, ornamented with em¬ 
broidered bonds, are expanded behind by enormous bustles. 

Writings and monuments tell us that under the Empire changes 
of fashion and peculiarity in costumes were customary al Rome. 
During the Mid^e Ages, an author of the twelfth century wrote: 
‘'France, whose humor varies continuously, ought to have some 
garments which would proclaim her instability.” In the fifteenth 
century, Robert Gaguin reproached Parisians “ for always being 
eager for novelties and unable to retain the same style of clothing 
for lO suocesjivo years.”' 

■TtuuiUiliffd p* ™fiui liici ^nMll thi* HtfTUv ^eonOdnlqtkf Intriamtlozinlp^ Bthh^Ia, 
fCa, I. Apr. lS-20, I0l3. 

■ ^ Onv fiuhloB bl« hirdJJ lfr£iCD It li ■bollnl^d Iit b new 

hbJ thU Id tttni jylTW wmj t& RRt whUdh fiollirwi^ but thlm oUe will not N tM IwU**— 
1^ ^ Thp Dry pf ttm Dtdef tvltiloil OMt vH dutr. m fdr««fDllj 

rrA ftneb fivSrtAl iirrHsirfit %imt It b« eallpd a IiIehI fif dibdIa wbirb tumi lbi« 

—MonrilcrDf"- 

*citpd bj L. UcnirdmD. HIhIoITq rbuhllk^imt *t de Ik puiuK. F. AlriUS. 1390 Ip 
p. 1P7. 
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Until the thirteenth century, women^s costumes were chiefly twnics 
or robes, marked by pkin nnd natuml simplicity* It was only to¬ 
ward the fcmrteentli and fifteenth centiiriea, under Francis 1 niid 
Ilenrj' II, that dre^s were designed following the lines of the bod}*- 
Women then appeared with fitted doublets, skirts, and wraps with 
collure. Tlie sleeves were leg-of-mutton and balloon ^aped^ filled 
with plaits, or very tight, and these shapes often have been imitated 
ill our day. This was the starting point of fashion which will sleep 
only for perpetual reawakening, making evoliitions in irregular 
cycles at the of its crpstorH* Under Henry HI Ave find the 
pointed waists held in place by a stiff corset, the puffed sleeves: tho 
dress alreody had the hoop-petticoat which fashion revived again 
in iSm 

The reign of Henry TV brought m the grent hell skirts Imilt on 
apringa, which we find loter with the crinolme. This tendency 
toward fullne^ in the skirt kept increasing until 1005, bringing 
jsome drea^ f4> enomiou,'^ proportionfij with ruffles lidding tci their 
sIxch Thenj toAvard the end of the seventeenth century the fullness 
diminished, P'dng way to padde^l dresses, concealed under mantle 
wraps, and iu 18S0 they reappeared again* Eeduction in the size of 
the skirt continued until about 1750 when fullne^ again came into 
fashion, and by 1785 the skirts were ridjculpusly fullj expanded Avlth 
great hoops- Tlicre was another reaction and the liw»p-skirt gave 
way first to the bustle, then in came tlic one-piece dress^ with 
a runjiiiLg string and withemt omamentation* Greek robes were seen 
at fetes and on the stage* The directoire dress, very close-fitting, 
exaggerated the plaited style and resembled the troteserB skirt of 
recent date. The empire cestomeH, with the waist Itigli under the 
bo^m, was only another transformation of the directoire dre^ 
showing fit that time a tendency to fullness in the form. 

After 1805 the cycles began to shorten, the whf^l turned faster, and 
without stopping, until ivo find a general style used by all ellipses of 
society. Skirts were worn very fuQ again towarrj 1610 and, passing 
through all sorts of gradations, with » partial return of fullness in 
the back, ended in 1860 to 1865 in the culminating point of the crino¬ 
line. This marks the departure from Orientaliinn and brin^ ua to¬ 
ward the epoch Avhea very simple and straight robca were worn until 
we reach the other extreme, the clinging gpwn, not forgetting the 
hnmn sldrt, an exaggerated revised edition of the eccentricities of 
tho period from 1805 to 1815, We must pause to resume dowW but 
surely the march toward the puffed tJr padded styles,* 

How is fftsJiion created t Since the days of Worth in 1846 it h 
bee n the weiUknowTi nuxliate who hga b een the creating artis*, lUs 

I rttTli-nn dfi* Oalft rt An«, 18^ -- 





ECONOMIC &OLE or F^ASirmN—CLERdET. 


ni 


populiirity is such thai it Jjos become a regular habit to visit his 
cslnblisUmci^t, md us Pierre Mi He/ sajSj knows how to make 
the worldly miniied dre^ und Iiow to prutUe/' us shown by Gerves’s 
painting ^chez Paquin i dnq lieiirra^” The modiste seeks out the 
designs, fits tlie forms, hunnonizes the lines and styles. Each estab¬ 
lishment decider upon a model and then selection is made from public 
opinion expressjed at the great gutherings at Auteuil and Longchump. 
Each modij^to has a representative there and in bro&d daylight they 
make coniparii^ns, listen to criticisins, make tfter-touches, and the 
“complete i*esults of the races’* told in the Paris evening papers 
omit the most striking act of the day: Fashion wns born aiid a 
humble aeazustress may have had the chance to Invent 
The fashion created, there ho^te to make It kno^Tx, to launch it* 
Under the monarchicDil regimes and under the first and second em¬ 
pires, the court fulfilled that duty and ga%'e fashion $ome distinefiotL 
It 19 only since tho first Republic, or particularly aince the third Re¬ 
public. that the prevailing style has been anything more than tho 
reflection of the will of the sovereign whose ideas and customs had 
the foree of law. Under the B.v^t empire, flosephine abhored a stiff 
stylo of garment; she preferred the low-neck gown with high wnist 
and flexihia skirt; her hair arrungetl with the bandeau* Roman art 
then ruled, brotight about by Josephine^ Empre?^ Eugfnie hud like 
infiuenee under the second empire, and to her we owe the taste fur 
a comfortable style* and sttiffed* silk-covei-ed furniture." 

To-day the stylo is made public by mannequins at the race course, 
on tlie street, at the theater, by actors on the stage, and by such 
social functions as n wedding or a ball* Tlie fasliion at the theater 
seems to be playdng an increasing role. Fashionable modistes have 
recently nnnoutieed their intention of having thaiv marmcflums re¬ 
placed hy actresses, who on the stage, by their grace, their elegaiice,. 
their beauty, their pmHgCt would tend to n more ready acceptance 
of fiL^himrs extravagant innovations, JVfadame Jano Hading, tn the 
plav of L^Attchfnt, introduced the dress known a& the “aile de 
cabeau ^ or winged pannier. And Madame Martha Brandi created 
the stylo of sleeve since known by her name* Wlion T^a WalkjTie 
wBs first presented at the opera, white wings like those uttaehed to 
Brunehildc’a helmet were wont on haU, and the armor of the warlike 
maiden gave to dressmakers the idea of spa ogled robes, much resem¬ 
bling the breastplate* The use of pheasant plumage became more 

uiiicj l-i3« inaaitnc* ^ u fruji contimL Rctue 
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gcner:ii flfttr the pri^^isimtutLnn of Clmnteclair. We already hud 
ihe “Dume Blanche” fichu^ and the I^utberan bonnet wns popubr 
after Lcs Huguenots ivos ployed. 

Any striking idea may inspire a fashion. Under Lonis^'^liilippe 
"'all tho fashionubU young men of tho capital wanted their trousers 
plaited at tlie Lips like those of tlie African ehasseury* they had their 
turhuns and their Arab cheoias (etnll caps) at their 
Trocadero ribbcins became the rage m a souvenir of the voyage of the 
Duko of AtigouL>ine to Spain, and the Hus^Japanese War gave us 
the kinionOp It is to tho passion for sports that we owt- the Englii^h 
fitylca, the success of the tailor-made co^ume^ the fasMon for furs and 
leatlicr garments, and also tliat ^ war hnl” attempted by some 
Americana, 

Literature obo Uau been a great inspiration, as shown by the curious 
and interesting book of Lou la ilnigron on Bomantismo et La Mode-’^ 
The essential characterktic of the romontisL revolution waa the re> 
turn to national tradition^ tba style of the Middle Ages, which forc®J 
ibelf quickly and in every direction, taking the place of the empire 
style. According to Maigron, “romanticism creeps from 

books into ibe daily life through social diversinnai” The nifisquenide 
thus makes some pretensions, often juBtilied, of reconsiructing 
hisiory: old engravings are appealed to for aid in coatuming* 

The works of Victor Hugo, especially Ilemani, have had an in¬ 
fluence on fashion as great as pre-Bapba^iism has to-day on gowns 
and Imirdressing. The use -of white muslins was the inspiration of 
Tuglioni, as were the “ waves of the Danube” taffeEoii. The "Atala ■' 
colliLts and the ‘^Jlarie Stuart” hats were snecesEively worn* The 

baiLlcinent ■' hat was deigned in part froin a headdr^ looked 


upon as that of Jeanne d'Arr, and likewise Ibe Icg-of-mutton ” 
bleeve recalls the costume of the sJ^te^nth century* 

There is a complete rc’^dution in the work of gold- and feilvcr- 
smiilis. Jewelry is made iu the sliapo of pointed archer w ith knights 
in steel armor, pages with plumed toques, hehimts, grey hoiiiids, 
ennt^ of aniLS etictitebeons. A complete feudal ai^nal ia dcFigned 
in chased work and enamdsL In architecture the Gothic cornea into 
full vogue, and it la constantly the romance styles which are lunst 
fashionahlc. 

The red waiswotit of Thetiphile Gautier hud Lts imitBtors- the 
wuisicottt WAS ht ono time the chief thought of youns Frenchmeft 
It is uU a program that one cultivates and lives up ilen’s fash' 
ions Q^end to law facing braids, fore, Merovingian style of hair, 
uiul ivlitskers of an .Vasyrian kmg; iht> cravat is of » gloomy blaek,^ 
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It is this individuftlism directing the present style, this instabilitj, 
the changing at every sees*>n> which helps Purls in great measttre to 
tunintatii iU lending influence on fashion, and this is not of recent 
origin. Isabel of Bavaria, in 1391, and ^Ume of Brittany, in l-tlJO, 
sent to the tpiwiiB of Etigland and S]>ain dolls dressed in the latest 
ttylc. During the war of the succession in Spain tlie courts of Ver¬ 
sailles and St. Jauics accorded suie conduct to the alal>aster dull 
which accredited the newest fashions from the other side of the 
CtuinneU* It is Paris that "decrees tlie sumptuary law of nutiona,” 
it is she that seUs the models, and the beat advertisement of a 
foreign modiste is to annouitce her '* return from Paris” One can 
understand that this advantage would he envied out^de of Franee, 
and they have tried, especially in the United States, to wrest it from 
her. These attempts have not ceased. It can leadily be seen that 
there is involved in this tlio <jucstion of a convenient center wliith 
is not found elsewhere. Copying styles is so very easgf tliat a com¬ 
mittee of defense of Parisiaii fashions has been fomted, which has 
brought abotit a closer connection between the release of modcU and 
the opening of the season, and there has been adopted a sUunp of 
origin, furnished by the syndics of needlework. 

While we have sijoken up to this point simply of clothing and 
bairdre^ing, we should not think that this is the Huiit of fashiem's 
dom ain It controls converBatitm, the monner of walking, bow to 
shake bands. Such a word us ‘‘^patent” (stunning) owes to fasliLun 
its recent admittance to the “ DicUonarj of the Academy*” The 
general use of such u drink as tea, the abandonincnt of wine in cer- 
tuju ciivles, vegelarianisni, may all be regarded os fashions, likewise 
the adoption of some state of the mind whiedj takes tlie lead at tunes, 
fls sensitiveness or calnincss. We have already spoken of architec¬ 
ture and furniture. The passion for traveling and for sports In¬ 
comes widespread: there is les taste for home; there is less desire 
for hooka and interior ornuments. 

The influence of fashion is reflected also on the sales of works of 
art. The great sales recently held in Paris have shown that there is 
a revival in favor of productions of the eigliteenth century. In 
June. 1912, at a Doucet salo a pastel of “ Quentin de la Tour,” the 
portrait of Duval de TEpinoy," purchasetl in 1903"for 6,310 frnucs 
($1,013), brought 060,000 francs ($132,000); the ‘‘Jardin de la ville 
d'Este.” by Fragonard, which sold for 700 fiuiics ($140) in 1880, 
brouglit 21,800 fiant^ | and the “ Sacrifice au Mlnotanre,” by 

the same pabter, for which 5,300 francs ($1,0C0) was paid in 1880, 
was held at 306,000 francs ($79,200). Such fluctuations, of which 
we could give many esamplfes, are attributed by M. Paul Leroy* 

I T. EtIiNl. fv^lutJooB du dam Is S4clM4 AcitaomlfiLie Jqior^ 

nattOdi-lei 
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Bcuiilku to certain notions, ainong which fai^ion forms u latg^ part; 
tho peii^Qal gatbfscdQn of cotmois^onir^^ the desiro for distinction^ 
enobbiatmoss, which is a grand master in fashionable fifOi the spon¬ 
taneous ndaplation of art of the eighteenth century to condition^ of 
contemporary life and the development of large fortuneSp^ In the 
etatistics of foreign commerce works of art show the greatest change; 
in the fiscal year 1911-12 the importation of that class into the 
United States rose to more than 530,000,000, an increase of CO per 
cent over 1910-lL 

Other industries are also answerable to fasliion—the fur imde, 
ornazuentd plumes, jewelry, toys, and artificial flowers. The T^tyk 
in furs changes every year, fiTan the Uppets to the atoles and scar fa 
of to-day, and the con gumption of skins increases in enonnovLH pro¬ 
portions, In 1849 there were sold in London at public auction 
2:^5,000 muskrat skmb, at a maximum price of 2 cents each; while in 
1910 sales reached 4,000,000 pieces, at a maximum price of 14 rents. 
Uusslan ermine^ which in 1883 were valued at 13 copecks (11 cents), 
sold in 1910 for 4 30 roubles ($3-25); beautiful eabio skins, whlcli 
sold for 5 roubles {$3.73) in 1880, brought up to 800 roubiea ($000) 
in 1010,^ 

Artificial flowers, originating in Chinas now' used more for ham 
and similar purposev than in decorating rooms, give employment m 
Paris alone to 10,000 women and 3,000 men, receiving $2,200,000 in 
wagcA, for a producrion valued at $0,700,000. The mimufacture of 
toys is reflated almost exclusively by the current demand; it fa 
enough to say that a toy fa fashionable. The industrial arts peculiar 
to the colonieB eecm again to liave come into favor after haring 
been for a long time out of style. And It fa to fashion that fa due 
the present prosperity m false hair and perfumeiy trades. Each 
year 130,000 kilograms of hair arc utdfaf>d in France, and the im¬ 
portations from China and Japan vary from year to year with 
chsinge in style, from 8,000 to 10,000 ldlo(jrami The fashion for 
rouge is as old as the dcaire of women to look beaulifu]; in very gen- 
orul use in Boman times, it revived with the Eunaisaance, when the 
habit spread even to the nuns. Madame do SIvignI wrote; “ Eouge 
joay be regarded os the law and the prophets; it ig all chrialianity ” 
Riee powder and “erSme Simon” have no less success to-day than 
baa the tinting of the hair. FinaUy, fashion is advantagwus in the 
conetantly increasing love for eporta and travel and in the develop¬ 
ment of industrieB connected with these, particularly the Iiot^ 
business. 

mat are the economical reeulta of fashion! In the industrial 
world, first of all, it seems to be g etimulant to production; bat it 
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solely iii objccu to which it offers itself, for Uw estimates are not 
elastic—an ineiease in one article leads to retrenchment m another, 
jmd the demand is merely changed from one industry to another. 
Thus enormous fluctuations ore shown each year in the silk indus¬ 
tries, on which the uncertiunties of fashion are most particularly 
centered.* Bibbon is most affected, being much used, both on hots 
and aothes. It loses first one fashion, then another, and the evolution 
is tending rapidly toward the cheapest grades used so much for orM- 
meiitfi and in the thousand little gewgaws of women, The situation 
in dress goods ia hardly any brighter, following the alnage law, 
showing from tliis that the dofle-fitting costume continues to bo the 
style. Praised by some, condenmed by others,*’ os the Figaro says, 
this fashion will leave in the history of testile industries the souvenir 
of an Ul-omcued influence. The quantity of material needed to make 
ji costume Ims bouji ireduced one-balf or two-thirds^ unci, bf?eidesT it 
ilocB away with underganuents and lining, which for matiy vmw 
represented a veiy heavy employment of tissues of plain talk. The 
inspector of silks at Lyons showed a registration of T/t90,W5 kilo¬ 
grams of mlk in ItHl, as compared with 8,ai'l,6e0 in 1810, a difference 
of 9.03 per cent The two inspectors at Sfilan show still greater 
of 15.60 and 9.63 per cent, respectively. An analogoiM 
reduction took place in the woolen goods industries. The French 
Chamber of Commerce of Jlontevideo complained laid year of the 
effect of measurement inspection oti the exportation of woolens. All 
the related lodiistrics of spinnere and weavere wore affected in the 
BBine degree, and the dyers, dressers, and stampers. 

As Hons. Maurice Deslandres has ingeniously e.vpresed it, faduon 
not only displaces the products of one indiuitry by those of another, 
but also Impedes the latter industry by demanding quick chungea in 
roadiinery} retards it until the lost moment by some estensive 
changes in the work, and tlm trend b steadily toward low pric^ and 
inferior qualities which are not durable, The result is to raise the 
net cost by requiring the manufacturer to make earlier settlement for 
apparatus, and necessitating espemtea for the setting up of new 
models.* 

From the coiiuncrcial standpoint there is a tendency to an increase 
in prices because of manufacturers stocks unsold, and the hefltation 
of jobbers to lay up large supplies. The relations with customers are 
no longer easy, the latter delay their orders, are undecided about their 
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cboice, require more urging, and all the ordci*s Iwgiu to (tcctimulatG 
during liie djiya preceding the opening of the season. 

In the agnenltura] world, fashion has produced transformations 
Mo less serious^ some of them unfortunate. The abuse of ornamental 
feathers has brought about the destriicLion of all sorts of birds which 
bad protected the Crops against the ravages of various insects. It is 
to the damocrucy of fash inn, oa well as to its instability, that we must 
attribiiie the conditiotLt in textile manufactures, where wo Sod a 
reduction in tlte use of Sax, an enortnous increase in cotton, and the 
displacement of vegetable dyes by the more brilliant though leas 
serviceable dytetuifs derived from coal tar. In the animal world 
certain specie^ of fur animals are on the verge of extinction, and 
there should be either attempts at domestication, as in the case of 
the blue fox and the opossum, or hunting regulations by the eroation 
of open districts with complete prohibition during a certain period. 
In Siberia « recent law suspends the hunting of the sable from the 
1 st of February, 1913, to the I5th of October, Likewise an 

international agreement between England, Canada, Russia, Japan, 
and the Tnitcd States prohibited May 11, 101 1 , the hunting of fur 
seals in the open tea of the Xnrth Pacific.* 

The present democracy of fashion is the great social factor to be 
etaphasixed. It has ^couniged a great consumption of products; 
a depreciation in quality and prices; it has induced a verv great in¬ 
stability, which disconcerts both producers and bnyeref manufac¬ 
turers must mahe the same clas*B of products for all niarkets- 
fashion is followed at the same time by all classes of societv The 
wheel turns quickly and ceaselessly. On the other hand, thew rapid 
changes do not take phee without a slack season for the workman 
wiihoui quick fluctuations in sahmea, or without chaner of cnrei„H- 
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coeuiuiueis itiid thul wUid) )t ilo&i not UitisuiiK!/' ' MolUiv Pii^rri! Afi l l t) 
told recently in tht$ Kevue of putrone 'VFho spirit tis niucli !£60,000 
oncli otliern up to !pl6i,000, and u £tiU gi^aler nuinber up to 

$o/>00. But it is mostly among the middle and laboring classes, 
whose means are more limited, tiiat unreasonabk e^ipencUture in fol¬ 
lowing fasUions is most harmfuL 

TlteiW abuses, this tyraiuiy of uniformity in nearly all outer tiiAtii- 
festutions of life, leads notably to tbc banishment of provincial cos¬ 
tumes, the representatives of cUtnate, products of local art, so full 
of interest from an historical standpoint, pictures!lue, stable, durable, 
vvhieli ore handed down from generation to generntiun. Among these 
rostames of historic interest are the Cans cap recallmg tlie steeple 
headdress of ladies of the fourteenth century; tlie little Xicoain hat 
reproducing the coiffure called Thessalanjan ” by the Greeks, and 
thtt antique Phrygian hat. still worn by the Arlesians, Although 
formerly there was variation accord hip to place and iinifomiity as 
to the season, wo now* tend more and more toward a umfornuty os 
to place and variation ue to season. 

The abuses denounced, it would be useless to demand, on the con¬ 
trary. an immutnhility in complete opposition with the transforma¬ 
tions of all sorts which surround us. Tertullian in his treatise “ I>o 
pnllio,” says that nothing is more natural than changing the cos¬ 
tume and that nature seU us an example in assuming varied forms. 
Human fancy thus aswrts its supremacy over animals, obliged 
always to wear the same livery. Austere philosophers have under¬ 
stood perfectly the esthetic and social significance of fashion. Renan, 
writing on Marcus Aurelius, admits that “ woman in dressing herself 
Well fulfills a duty; she practices an art, an exquisite art. in a sense 
the most charming of arts, * • * A woman’s toilet, with its re¬ 
finements, IB a great art in its way. Ages and countries which know 
imw to carry it out well are great ages, great countries." 

The uppeitranee of a new style of garment is the visible sign that 
n t runs forma tion is taking place in the intellect, cUntoma, and biisi- 
ness of a people. The rise of the Chinese Republic, for instance, led 
to doing away ivith plaited hair and to the adoption of the European 
costume. Taine wrote this profound sallyr “My <lecided opinion is 
that the greatest change in history was theadvent of trousers, * • • 
It marked the passage of Greek and Roman civilisation to the 
modem. * * * Nothing is more difficult to alter than a universal 
and daily custom- In order to take away man’s clothes and dres 
him up again you must demolish and remodel him.”’' It U also an 
equally philosophical conclusion which Mons- Louis Bourdeau gives 
inhisintereiiting" Histoire de ITiabillement et dc la parure’V: “There 
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trhere the same stjle of clothing is used for ceaturifis, as among bar- 
barous peoples, one has the right to say that civiliiation r emains sta¬ 
tionary. There, on the other hand, where, as in Europe, garments are 
subject to continual modifications, one may see evidence of great com-^ 
fort and rapid progress. * * * Far from being a custom of in¬ 

curable frivdlit 3 * the changes of fashions murk a high civilization, 
subject to change because it is growing and because it has wide lati¬ 
tude to refine its ideal in proportion as its productions are varied.” ^ 
Again, it is necessary that that vcrsaiilitj' and refincnient be not 
turned to extravagance or to impropriety, comprorniidiig the reputa¬ 
tion fur good taste, elegance, and distinction which the fashiuns of 
Paris enjoy throughout the entire world. 

A\'hHt can we do for or against fashion? Can we direct it or can 
we prevent its abuse f Let us find out iiist the power of the law, 
rdigious or civil. Very early popes and councils strove in vain 
against the low-neck gown and the deesses *" terminating in Oie ser¬ 
pent's taiL” imitated them,Charlemagne setting the example, 

but sumptuary decrees have had no moro elfect than ordiupuces 
against dueling. Mans. Victor du Bled reports that Philippe 1e Bel 
was urged to promulgate some sumptuni^' laws by hus wife, who, 
making her formal entrance at Bniges in ISOL, saw a crowd of com¬ 
mon people so richly clothed that she cried out with vexation, 1 
tiuiught mj'sclf the ctueen, and 1 see hundreds of tiiem.” Charles IX 
proscribed hip pads of mom than fi feet, gold eliains, pieces of jewelry 
with or without enamel. In 1567 ho regulated the garments of etich 
r h<pi , permitting silk only to princes!^ atid duclte.^tses, forbidding 
velvet. But these laws were iuteiideil very much more to limit for¬ 
eign impoTtetion and to encourage home industry than to regulate 
fashion.* Seventy-two decrees prohibiting the use of India cloth 
were rendered from 1700 to 1700 and proved to ba powerless against 
the. rulings of fashion. In 1706 a certain French chamber of com¬ 
merce voted “ that officers may have the power to arrest on the streets 
persons who are found clothed in this kind of goods, and they 
sliould be condemned to pay a large fine.” In 1912 anotlier eliambcr 
uf commerce voted for minislerial inten'ention against some noted 
dressmakers to check the use of clinging drosses, against which the 
.^Viiierican clergy ami some members of die German medical oohm 
preached without success. 

The intervention of manufacturerB injured in their interests bv 
reduction to the metric wstem or the abandoning of sudi and such 
an ornament is of no effect A committee of propaganda, formed at 
Saint-Etierme with a new to reviving the fashion for fine qualities 
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of ribbon, has produced no apprecimble result. Those only hfiTs m* 
Suence upon feahion who make it and promote it, those who offer it 
nod those who cun refuse it=tiie tailor and the cuatotneF. The first 
b too much concerned in the changes of fashion to expect him to 
make imy effort to raatrain them; the second b quiet, prorided that 
he be included. If fashion responds to an innate tendency of our 
natBie, the fondness for change, the actual rapidity of this change 
b neitlier disastrous nor necessary, as the long use of the taLlor*made 
ooslumo shows. The last word abaU be given to the social leagues 
of buyers and the leagues of consumers, because of the very inter^ 
itiff initmtive taken by the former m favor of handmade lace with a 
view to reviving that vslnable rural industry. After having brought 
about the assembling at Paris of on eipositiim of woman’s work, th^ 
asked thrir members simply to require mention of the origin « hand¬ 
made ” or “ machine-made ” on the lacea put on sale. 




THE WOKK OF J. H, HOFF/ 


Hj Prof. G. miTWi, 
Vni^irrsiiy J»fld!udi+ 


Jacob Henry vim‘t Hoff was Liorti August 30, in Hotterdiimt 
where his ftitUer was cngagwi until 100*2 in the practice of medicine. 
His anccstora had for centuries held the pusitiona of alderman mid 
miiyor of the little village of Groote Lind near Rcrttardam. He de¬ 
scended, therefore, from one of the ancient families of thosa aust^ 
and sturdy Dutch burgesses which the paintings of so many artists 
portrav, gathered in civic councils, in learned assemblies, and in com¬ 
panies' armed for the defense of the fatherland. The estemai traih^ 
of this strong race were reproduced in his cmmtenance, and in hi$ 
character were found its mtmil endow ments. 

The beginniogs of his scholastic career were motlest; he attended 
iho elementary schools and took lus secondary school work in his 
native town. His parents seem not to have had great confidence 
in liis future. It is certain, at oil events, that at first (liey did noi 
approre of his desire to devote himself to the study of pure setenco 
the subject toward which he fell himself drewn. He woa obliged to 
L-ummenoe by rc^stering in the Polytechnic i^chool at Delft, where 
ut the end of two years he took his final examinations and obtained 
the diploma of technologigt. 

After having thus satisfied his family by securing a professional 
diploma, he finally obtained the permission he so muoh coveted, to 
devote himself to ^ientific study, and registered in 1871 at the Uni- 
vereity of Leyden, the oldest and most fomous center of education 
in the NetheriandE. There he studied mathematics and physics, but 
devoted himself more especially to chemistry. In 1873 he went to 
Bonn, where he worked for some montliB in the laboratary of Itdkidf, 
and did liis first csperimeiital work. [We shall sec later what in¬ 
fluence his stay in Bonn was to h&\e on ^e development of his 
ideas.] He remained for a shortor period In Paris, where he fre¬ 
quented WurU'S laboratoiy. [We shall soon see what a deep im¬ 
pression was made uiJon him rather by tho works of Pasteur than by 
the ideiis of Wurtr-l 
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Retiimtngf to his native country, he took up Iub studies at licyden 
Bg&tn, and in September^ 18T4, published a brief paper in Dutch, 
in irldch he stated fully and succinctiT all the essential portion of 
the stereochemical theory. This publication, the outcome of which 
we shall discuss later, preceded by two months a similar publication 
by Tje Bel. The young man did not venture to present this work as a 
thesis for the directorate, but preferred to confute himself to a modest 
dissertation on cyanacetic and malonic acids, with which thesis he 
obtained his degree of doctor of philosophy December 22, 1ST4. 

The following year we 6nd him in search of an occupation which 
should be suitable to his taste and, above all, would permit him to 
continue his chosen studies. His first attempt to obtain a modest 
position as professor in the technical school at Brtkla was unsuccess¬ 
ful. Amusing, and at the same time touching, is the letter which the 
director of this school wrote to the minister of public iijstruction, 
describing to him this young man, with distraught air, erith the ap- 
peoranco of an inventor, entirely absorbed in bis great visions autl 
seeing only his atoms and their valences disposed in apace ; he con¬ 
cluded by raying that, according to hia judgment and the unanimous 
opinion of the colleagues of the school, van't Hoff was not the man 
for such a portion. 

In 18711 van't llof! was finally made docent of the vclcrinary school 
of ntrecht, where he stayed but a little more than a year, being 
called os lecturer to the new university which the city of Am<?terdani 
had just founded. He was not slow in gaining the esteem and con¬ 
sideration of bb superiors, and ns early as 1ST8 was made prufessc?! 
of chemistry, mineralogj’, and geology. He occupied this position 
for 17 years; that is to say, until 1805. To this period, which is the 
most important of bis scientific life, belong his great works on chemi¬ 
cal equilibrium and on the theory- of solutions. It was the period of 
extritordinaiy growth of physical chemistry, ami van’t Iloff was soon 
universally recognised ns the most gifted representative and the best 
antboritj of the new school of which Ostwald was tlie unrivaled, 
propagandist. 

His fnnie grew rapidly; in 1887 Uie University of Leipzig invited 
him to accept a chair, whidi he refused: in 1380, when scorcely 3T 
years of ago, ho was made honorary manber of the (Jerman Chemical 
Society, an honor aspired to by the greatest scientists. FinnIIv, in 
1896, tlte Univerrity of Berlin called him in a specially lionor^le 
way; be was made honornrj- ordinnry professor, without being placed 
under Hie obligation of teaching; the Academy of Scieji^ made 
him an ncliv© member, and furnished him the means to establish a 
laboratory for r^arch. In this laboratory be devoted himself for 
10 years to the investigation of the conditions of formation of the 
saline deposits at Stassfurt, the first great attempt to apply the 
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phvHJCOcliemiciil tlworics to the studies of guologlcul pbenomenu, In 
t!ie meantime, in UH)1. the Acsilcmy of Sciejic^ at Stoekbolm guvs 
concrete fotw to the universal opinion of chcinists by conferring on 
him the first Xobel prize for chemistry. 

In the autumn of IWXt there appeared the first symptoms of the 
terrible disease to which he was destined to succotnb; after a soioum 
in a sanatorium he apparently recovered * * * but a relapse ^n 

followed, and on the 1st of March, 1008, his life ended at Steglitz, 
Berlin: a life wliich was too short, if one considers the numlwr of 
years passed i simple, if one tliinks of the tranquility of exterior 
events; great, as few others, if one reflects on the enormous amount 
of work which it represents. 

Ahfter thus broadly tracing the general biogrephy of tins great 
scientist, wo may begin the exaiiiinalion of his life work. And this, 
with the exception of his first rcBcarches in organic chemistry, u few 
works of fragmentary character, occasional publications and 
may bo divided into four main divisions; Stereochemistry, tlie btudiw 
of chemical equilibrium, the ibeoiy of dilute solutions, add investi¬ 
gation on the adino deposits of Stassfurt. The second and third of 
these chapters overlap in their chronological development and show 
numerous logical connect ions wiih each other. ^ ,. , 

The treat 11*0 period of the stereochemical theorj' is exceedingly 
short, lasting hut three years, from 1874 to 1877. 

The Diitdi pajicr of 1874 contains in its 14 pages all that is 
essential. The author points out first that all substances then 
known which, in a liquid or dissolved state, rotate the plane of 
polarized light, contain in their formulas at least one *' a^mnietric 
carbon atom—that is, a carbon atom combined with four atoms Of 
groups differing from one another. In seeking the cause of thb 
relation, he remarks that if one imagines the four valences of the 
carbon atom directed toward the vertices of a tetrahedron, of which 
the atom itself forms the center, the presence of such an asymmetric 
atom is the necessary and sufficient cause of the existence of two 
figures in space, of which one is the mirror image of the other; 
hence the presence of two isomers, one dextro-rotatory, the other levo- 
rotatoiy, and of one inactive compound resulting from the union of 
both, and capable, by separating, of forming them ngnitt. The es- 
istence of such isomcis and the possibility of sepamting them had 
been demonstrated for the firrt time by Pasteur, 10 years before, in 
the case of tartaric and racemic acids. 

In this respet^t the considerations developed two montlis later by 
L© Bel agree with those of the i-oung Dutchman, exwpt as to form. 
But on one point, the latter pushed them further; he foresaw that 
in unsaturated coiniiounds in which two carlwn atouis unitwl by a 
double bond have their two other valences united with two other 
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atoiuB or gruut>H, iljiferiug from ijucli other, two uomers to j^pace may 
bt‘ formed vUich not being sntipodes are not optically active j iaoiiteii> 
of a hich we have examplea in fimiarie and miUeic aoida. 

If are wbth to reek for the origin of the stereochemical coaception 
in vanY HofTs rnind^ we mtist recognhie lirst of ail tite preponderant 
itiAueDce which the (loctrineti of lv.ekul(* had upon liitii, an iuHiteiice 
which had been increased during his stay in Bonn. ’IVith his doc- 
tiine of the valence and particularly of the tetravalcnile of carbodj 
with the development given to the theory of the atructura which 
attained i^ apogee in the statement of the theory of the constitution 
of aroniutic compounds^ Iv^kul^ had made of tlie University on the 
Khine a center from which radiated new ideas on organic chemistry, 
and had grouped lU'oiind him n trow'd of brilliant pupils. 

A few yeans before, there had left Bonn for Italy a yuLing Ger¬ 
man chemist, W. Ivoemer, who whs to publish in the siinie year his 
classical researches on the deterniinatioti of position of luting 
atoms in aromatic subsUuces—auenher brilliant estausioti of Kf'kulc s 
theory. Tlie coincidence h not without interest. The tetrahedral 
model of vaii't Iloff was identical witli that which Kekiild had 
already used in his demonstration. In each case Kdkulu had given 
iLf model, but he lacked the confinlence to use it In all the legitimate 
deduction-; «nil reprerentatlons which one could obtain from it. 

Xa til rally the van’t Hoff inn ovation was much more radically revo¬ 
lutionary . Since for the first time atmctural formulas were employeil 
to indicate not only the order in which the atoms are linked among 
theniselvca by their valemses, but also^ necessarily, tbeir manner of 
distribution in space. 

Pasteur, after Imring thoroughly studied the nature of these pe- 
1-uliar isomers, bad already pointed out intuitively that the cause of 
this asymmetry must Ue in a molecular asymmetry, sinoo it does not 
disappear, as in quarU, with the disappearance of the cn’idalJine 
form, hilt iwisiFta m the liquid or dissolved state. He had foremen 
that the atoms must be disposed in their moleculefl «, as to rive "two 
figures correspondtng between themselves like the crvatabT nr 
esample, like a right and left spiral, ' i v 


But Pasteur could not reach the complete solution nC i-i,- i ■ 

,.W th, K.kul..« .M .ficr knvimt gn,.p«, ^ " 

^ .bi>„d»nt d.1. b. lib . a.* that thu. 
rtich hr sought ™ oni,. othrr lh.„ th. ^ ^ 

active compounds of nii asymmetric carbon atom 1 1 » i ^ 

the cause of the differences between the ideas of van^t 
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The fipeculationjs of van't Hoff and Le Bel were recftiretl at first 
in sileooe and with general indiffereDce. In 1ST5, when lie found 
liitnself again face to faco with difUciilties in finding a position, the 
young Dutchman publisli&l a rrenrh translation of his first paper, 
under the title “ La chimie dans I’espace.” 

The new Uieory find to undergo its first lest at a meeting of tho 
Chemical tiociety of Paris in 1875, when van’t Hoff bad presented an 
abridged account of bis ideas, ^rthelot, still a young man, but 
one whose eminent works in the various domains of cheraistiy had 
already made him a great authority, ruse for the attack. He dc- 
flared that, without wishing to refuse a priore the space formulas 
proposed by vatl't Hoff and Tjo Bel, which had a certain advantage 
(ver the usual structural formulas in one plane, we could expect no 
result from the new theories, until we should Icam how to recognize 
the ^dbrations of the atoms in tho interior of the molecule. Later 
he niised other objections of a more positive character, for example, 
the existence of substancis optically active without asymmetric cac- 
hon atoms. Van't TIoJI, Le Bel, and otJier experimenters replied to 
these ohjtTtions hy demonstrating tlmt the supposed contradictions 
L'ume simply from errors of observation. 

ileanwhiie an importfttit step was taken witlv a view of making 
ilie new tlieories public, A German scieniist, well known by his 
w'orks on organic chemistry, T^islicetiiis, professor at Wtirxburg, wLo 
some years before had recognized the insuOicieiicy of istnictiiral for¬ 
mulas to explain certain castei of isomerism, became acquainted with 
llie fundamental note of van’t Hoff, Being struck by it and com¬ 
prehending its great importance, he had Ids assistant, Hermann, 
make a German translation of it. This, supplied with a preface by 
himself, WPS published in 1877, under the title “Die Lagerung dec 
Atotnc in Eaume.” Tliis publication, which gave the widest notoriety 
to the tlieories of van’t Hoff, liad os an immediate effect the anmsing 
of new and violent oontrovenfy. Hermann Kolbe, already an ohl mad 
and famous, one of the aoienlista who had oontrilmted most to the 
experimental development of organic chemistry and one of the most 
Inffuential chemists of hie time, well known as a bitter critic and 
violent polemist, who saw in ihe structural theory an unjust ifieil 
and dangerous miEusc of hypotheses, publiishcd a paper entiLleil 
“Zeichen der Zeit," from which it Is interesting to quote ti few 
passages: 

[ aLrcuil}' elionii that tho id&uK of tike ilecnOonce of chemieHl 

!□ CvCnmmy lle« in. Qie Ijic’k of a soUd ctiUuT^ t nee ooo 

of If Kn tlie of the <i£ fuiturnl t>hllrtRO|ibj, 

elerer and ItriHIftiit in afiiwarnncti. but In millty tfivlol nad liritlioiiE ]:iie4a1nFE. 
It wBPi driven out 50 ^eana apo by es4Ct but U bus Jam b-eea 

covored ti^in by a ond like u ctHirtesan^ lilBgolsei! A La uHide iiihI 

pakJited frewli. rrie* to latrodiM ttJSelf uuderhatiiliHUy lute good wxilety, in 
wblcli it docs Bol telon<. 
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If Ui!i Metns csncgentei] niic; ^liovlil nad Uie ot ti Mr. trd'I 

IJftlT, full of bud trloka of thft IsiopdiuitJDa, wbicb I Khoiild jirofcr Ignore 
If n dlAilugulatiGd t'bouiUt hnfl noi ghcn lilni bla patTOiiagiis. Tbt* I)r. Vun’t 
HolT. FioploTvd 1 q ft t-nttrlaiiTT acbDol nt TJiteetit, tubes no ptoAsure. It rtppwire, 
In ezftt^t ebemle&t rKseorcb. Ili> bos fotitid It more eonifortoble lo mount o 
voterluary Pognsuo nod to naiijcuaco bow, In big mad fllgbl tbrongb n I’hemipal 
I'ftriiiiBsuct, tb« ntobis bflre JijrtifArcd lo bloi to be ocattered In apare. 

Hueb 0 method of treating eclentl&c qnoetlooB Trbleb Is not too far retno^'^ 
freui a belief In flon<ciy> and spIrJu lo considered legitimate by a cbcmist Ute 
VVljIkeotte, whom we bnvo olwoyg known ab a serlauB scientist. By this net 
lie esetudea Iilnioelf from the rnuke of mcact BcfcaLlJijj and enters tbe cutogoiy 
of those imtarnl jdillosorliers of etll fame irhotn only ft subtle meOlnm sep- 
mmles bcneefoFlh from tbo spIrlilstR. 


To this pliillipic our scietitist made a most soljcr and serious re- 
spohse. He prefaced to on anicle published in 1877 iv few digniiiGd 
luit nut unfot-cefiil words, and in OctobeCf 1878, ns profesi^r at Ains- 
ierdani, he opened liis course by reading from the text, Kolbc's at¬ 
tack, taking cecnaion not to ojien it direct dilute'but lo defend se- 
^ely the importance and legitiumcy of the intervention of creative 
iniBginatinn in the exact sciencos. 


^ But the address of Kolbe was no moro efhcacious than the objec¬ 
tions td Bertbelot in burring the way of stercochctiiistty in its march 
toward success. Hans Lojidolt, the best authority in the domain of 
chemical ojitics and polar!metry, reoliised thut the new views were in 
ntxurd w ith the facts of experienoo; and Piutti was one of the first, 
with his researches into the stereo-isomeric nsparuginea, to bring now 
facts to tho nid of the .new Lheoi-y. More important still wore in¬ 
vestigations carried on in Germany after 1885. Besides those of 
WisltceuuE on the stereo-bomerism of uo-saturated oompoundB, we 
must reincmher those of A. von Bitever on the steiieo-isameriEm of tho 
Iiydroflromatie compounds and on the stercocliemistiy of cyclic com¬ 
pounds in general. 

But the new doctrine obUined its greatest trimnph when Emil 
Fischer, ii.suig it as a foundation, was able to solve for tbe first time 
the great problem of the eoini»sition of sugais. This impenetrable 
foi^t, wlndr had defied unti then the efforts of chemists, became 
^ddenly light when an ex^nmeoter of such exceptional value held 
m hm Land the thread of .^adne, which alone could guide him to- 
w-ard th^ gesnJ. 

The sneering hmory is only a succession of new conquests. V. 
Meyer and Hant*^ and M cmer have shown that in the nnsntnrated 
nltmgen compounds like oximes, there could occur isomers of the cb 
and trans types; It is thn.s that ihe slereochemislry of nitrogen came 
into existence. Still more recent rcseairhis. among which wp 
mention first those of Pope, liave demonstrated that wb^,o 

the appearance of opiicd activity and the existence of two 
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iflomers. We have thus optical!)* uetive compounds containing an 
asymmetric atom of enlphur, selenitun, silicon, tin. and lead. Even 
peatflvalent atoms like those of niti-ogeu and pliosphorufi may give 
rise to the formation of stereo-isomers, as Bel was the first to 
show. 

To-day, after a lapse of 31 years, we can see that few theories have 
lieen able to achieve such triumphs. There does not exist to-day a 
single well-^tablisbed fact which had not been anticipated, at least 
in gcim. in the memoir of I87i, It would not be out of place to add 
here a few words with the purpose of examining more closely the 
intrinsic merit and amount of originaUty in the work of van't Hoff 
and Ia> Bel, for it is not unusiifil to read or to hear rather unsatis- 
factorv statements relative to them. It is said sometimes that I he 
merit of tlie Dutch scientbit consisted in having imagined and intro¬ 
duced the tetrahedral model or in having first had the conception 
of the spacial distribution of atoms in the molecule. Nothing la more 
erroneous, or at leiist more superGcial, for m this connection ™n*t 
Hoff and IjC Bel bad several predecessors. The tetraliodal model 
was a necessary consequence of the conception of K^kul^, who had 
tised it liimaelf in its present form without, it is true, giving it the 
wide application which we give it to-day. And, ns we have already 
said, Wislicemis had affirmed in a general way the necessity of having 
recourse to spacial configurations to explain certain iswnerides. 
Earlier still, in I0fi9, Patemb bad pmpos^ to use for this purpose 
precisely the tetrahedal arraDgement- It ia not, then, in this Unit 
the merit of van’t Hoff lies, but ralber in the fact that be was the 
first to conceive the brillinnt idea of the significance of the asym¬ 
metric carbon atom, and, al»>, after attentive and ngoroua examina¬ 
tion of all the facts already known, gave to the tJteory its delniiie 
form, so that one may say that it sprang, like the classic Minerva, 
already armed from the brain of .Titptler. 

But from 1077 iMJ longer took a direct and creative 

part in the further development of the doctrine which he estali- 
lished. He nevertheless followed it always with an attentive eye 
and marked tU progress In the siiocesaivc editious of Ins books, 
among which wo shall mention particularly ** Dix atmees dans Hiis- 
toire d'unc throne,” which offers a fine example of how to triumph 

with modesty, , . , 

But it is time to return to the year 1877; that is, to the moment 

vi hen our voung hero took up his work at the University of Arastcr- 
dam. Hc*Uod made his d^but three years before. Ho was only SS 
years of age and had already established a theory which was sufficient 
to pass his name on to history. All the inimen'ie field of chemistry 
stretched before him: his eye could not fail to dlsoern in it new paths 
which were to lead him to still more brilliant triumphs. 
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The sci^ntlQc pfoductioa of vim't HafiF un<[lm'W(}nt at thiis 
u piTiod uf arrest, duo, pcrJtaps, to Uie los* of tiniis that the nei-thisity 
of udapting luniself to new conditions of life and work imposed on 
him, bin certninly for the greater part to the mtellectiial need of 
coneentrnting and orienting iiimself, before starting out ugnin. 
However tlmt may be. it is certain that durljig o penod of seven 
years, from 1S7S to 1834, be publislicd no original pa[>ers wortliy of 
engaging oiir ntlentiun. Uo did publish, Ijuwyver, a vqry intelast¬ 
ing bot)k, *^Aiiflichten liber die organisobe Cbeurie/’ now out of print 
and almost completely unknown, but wbicb Lias conaidemlde im¬ 
portance for one who wishes to folloo' the evolution of bis scientific 
tliotighl. He described thui evolution hintself in an address given 
In Berlin In 1S&3, wliich we shall have occasion to mention again 
more tlian once. 

Ho pointed out in tliis tlic fact tliat even bis first works on the 
nsymnietric carbon atom must be considered, from one standpoint at 
least, as an attempt to contribute to tlie solution of a pi-oblum which 
bad seemed to bim from the first and which is in reality the funda¬ 
mental problem of genera! chcmistiy—to discover tliw relations Iw- 
twerai the dietnicul constitution of substances and tlieir physical 
properties and general behavior. 

This pi'obloni be set himself to treating in a more general and 
systematic way in the book we have just meutioned, and then tbei-e 
appeared to bim suddesdy tlie great gup which made impoasible the 
ralioiial esecution of hia vast project; that is, the gap reaiiUing from 
lilt? almost esdiLsively qualitative diaracter of the data of organic 
chemistTy, irs fur os concema the mechanism of the reactions * * *. 


Uni! tiingb; brandi was developed quantitatively, that of thermo¬ 
chemistry | but at iKJttom the maos of data coUected bad not led to 
the great i-esulta that had bwn hoped, and there had been manifested 
in tliis field tendendea wych were theoi-etically not rigorous. Resides 
this tliera were but few aerial relations regaiiling particular prop¬ 
erties, and of the most abundant Hoiirc® of musii-o theories and con¬ 
sequent decepliouB; and, a much more promising nucleus, some spo¬ 
radic instances of quantitative investigations m to Uie velocity of re- 
flctioiw i\nd ebeinjcol equiUbritiais, 

Such appcarcil van't lloil the most immediate and the most 
importaot gonl^o fill np the g«at and tty to fuse into one bmlv 


of know'! edge the few and scattered ideas whidi 


-L . 1* -.u * . - . I^sscssed up to 

that time. It was with this mtcntioti that be <iuiekly set bmkdf 

tij work, theoretically as well us experimentally. The first remits 
of his grebes were not put forth in simple detached monographs, 
liili csollwted Hi a hnniumious and comprehensive manner ,i 

of. book “ aodo. d. d,-o.o.r,„. chi 
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light ID 1084- ThU book wob filled irith the spirit which iienccforth 
w(is to iiispu^e all the prodwctiona of van't Iltitf. 

The author attcDipted in it to apply, so far as possible, nmthe* 
nittiical tnetliods, and, above nlh the principles of thormwlynuuvics, 
to the study of chemical phenomena, Tlie idea in itself was not new; 
20 years before thot Clausius had pointed out tlia possible upplicution 
of these principles, especially of the second, but he had given no 
concrete exnuiples of it. ft is true there was also in existence the 
work of Willard Gibbs, but it was still lying like a. colossal block of 
granite buried in the proceedings of an obscure American academy, 
ignored by scientists, certainly by all chemists. The only attempts 
of any iint»ortance nt ita application were Lho^ of Ilorstmann luitl 
Fcfilin and Mmitier to the phenomena of dissociation. 

The work of van't lloli was much more considerable and sys¬ 
tematic, and ance the author, like a true chemiet, carries abreast 
theoj^ticnl study and csperiuienial verification, thw work exercised 
a preponderant ’influence by making Imown to chemists the methods 
and principles of this new branch of science. 

He studied principally the velocity of reactions, selecting the most 
varied tvxi® changes, reducing to order their laws, and seeking id 
discover in what measure the methods of chemical kinetiis are ap¬ 
plicable to the determination of the order of the reactions. He 
invented the most mgenions methods to discover general laws when 
the latter are concealed by disturbing secondarj’ reactions, which he 
cUniinated in both experiment and calculation. He finally studied 
ihe variations whicli the velocity of reaction undergoes under tlie 
influence of the temperature, 

From there he passes to the cousaderution of chemical etjuihbrmm, 
viewed as the result of two inverse pmees^ and concer™ hiiusrif 
first of all with homogeneous equilibriums in ga^ or sohitioiiH. He 
rives special attention to heterogeneous equilibriuniB and more espje- 
ciallv to those which he c«1Ih condensed systems-thut is, ^sterns in 
which no bodies of varitible composition, such as gnses or sokitions, 
intervene, fie recognises that in these cases, instead of having a 
continual displacement of the equilibrium, one has a trensitiun tem- 
iiemturc such tliat one of the s>*sftein.s is stable above tins point, the 
other below. The transition temiierature had Iwn known for a long 
time in the mdvmorphic modifications of one and the same substance, 
us in tliosc of rhombic and monodinic sulphur: but the author 
rnmendizes this concept, and shows that one can extend it to the 
reciprocal tranfifomiation of dicmical isomers, to the dehydration of 
hvdrateil saK-^to the formation of decompoBition of double (suits, rtc. 

' Discua(iing. then, the diBplacejncnt of equilibrium which is pro* 
iluced by variations of tompeniture, he announces for the first time 
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the bcfore-mtiiitioDt^d ]^ruiCJi>l€ of mobile equilibrium^ which he for¬ 
mulates tliiLs: “AH equilibrium betuwti two different ^tes of inntter 
h di^laoed in consequence of the lowering of tempemture towaril 
the syistem the formation of whidh develops heat." It is known 
that this principle a little Inter wus genera! ishnI by I^e Chatelier* 
who e2[1«nclefl it nol only to tbermie varirttions, but to all altem- 
tioua of external and interna! conditions of equillbriuni (pressmi'e, 
electric state, concenlratioai etc.). He writes^ therefore, iUus^ 

Every external action impresses on a body or on a system a change, 
the direction of which is such that the resistance ofTered by the body 
or by the ^stein to the externa] acUou is increased-” This principle 
preserves its importance even beside the second principle of thmtic^ 
dynamics, for although it authorises only qualitative conclusions, it 
may no less be u^d with success wd:ien it is a question of determining 
the direction in which a certain procoias will take place, and cfipecially 
in the whei'e it is not possible to bring the problem to the 
mathciuaticni form of the e<|UatiQn of Clapej'i^n or to other unalo- 
gous formulations of the second principle. It can at the same time, 
tbimk!? to its simple and general form, bo easily remmiibered, since it 
iuiplies the idea of a sort of faculty of accommodation to exterior 
actiom^ inherent in matter* 

an t lioll announced this principle, as we have smd before, ouly 
for thermal variations, but to attempt, for this reason, to detract 
from hh merit, as certain authors^ do, appears to ua profoundly an- 
just, for not to mention bis indisputable priority, one must not forget 
that the case treated by him is much the most important for chem^ 
istiy'. He succeeds ihtis in mottling a question which had been engag¬ 
ing chemists for n long time, since the problem concerning the direc¬ 
tion toward which a recreation moves is, it will be admitted, of 
fundamental importance. 

Ii is known that Thomsen had, several years before, onnoimcMkl a 
rule on wlddi Bcrthclfd w anted later to confer the dignity of a natu¬ 
ral law—the principle of maximum work, according to wliich, of 
all poesiible react ions, those might be produetd spontaneously and 
withom intenention of foreign energies, the production of which 
is accompanied by the greatest development of heat, 

Now this rule, which is verified in practice lor most of the ordi¬ 
nary reactions of chemistry, is found at fault in difiei'ent welbstad- 
led cases of chemical reactions strictly speaking and in entire series 
of processes, like the reversible processetf, T,Vhile Thumsen rccog- 
nked the empirical character of his rule, Bert helot sought on the con¬ 
trary to save his principle by the aid of a aeries of ingenious rcn,^on- 
ings based on the anibiguity which is attached to the use of vague 
expressions, such os “ to he produced sponhineotisly ” end “ without 
the intervention of external energy.” But it was labor lost, so that 
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Dll hem pitUoii^y I'etuurked, unt; must in order to $&vo this principle 
ttdniit ahio, lo the ranks of estemal energy, the heat absorbed in 
endothorniic procestes. The [iriociple in question would amount, 
then, to the following srtatemejU; “ Every process which does not oh* 
sorb heat develops it"; tliat is, in order to remain true, It must 
‘'vanish into a ridiculous tautology.” 

Kow, the principle of van^t Hoff gives us the key to these contra¬ 
dictions; since a lowering of temjicraturc favors the processes whoso 
uceojuplishnicnt is accompaniiMi by a development of heat, it is the 
exothermic reactions which must be produced by preference at tlic 
low temperatures. jVnd as the ordinary conditions of temperature 
of our surroundings and of common chemical operations represent 
zones sufficiently low in the complete scale of possible temperatures, 
it is natural that the rule of Thomsen should be verihed in them, 
with n first approximation. Beiihelot’s principle would become rig¬ 
orously mi0 only at absolute siero. But to the high temperatures 
correspond principally the endothermic processes, and chemists living 
lit a temporahire of 3,000 degrees would sooner formulate a principle 
of minimum work * * *. 

From this time on the work of van’t Hoff is divided into two 
branches. While following, as be will of course do, in addition, all 
the rest of his life the experimental research of lieterogeiieous equilib¬ 
riums, and particularly of condemMd fystems, he devotes the best of 
his activity in the field of theory to the study of another fundamental 
problem— the theory of dilute solutions and the investigation of the 
molecular state of dissolved suhstiuicca. 

Tlie theory of solutions, iu its general linea at least, is now m w’ell 
known that it would be superfluous to examino it here, but it moy 
1)6 interesting to consider its genesis. It would not be difficult to fol¬ 
low its course through the work of our scientist; but he has hhnself 
taken pains to moke a clear exposition of it in a discourse delivered 
before the Chemical Society of Berlin in 1890: “ Wie die Tlieorie 
der Liisungen entstand." One must seek its origin in the “ Etudes” 
above referred to. He tries to find out tha affinity which keeps water 
in solutions and in hydrated Balls, and ob hiitscherlich had previously 
done, he thought of founding a mooBure of it in the diminution of the 
vapor tension of these eystems as compared with pure water; hut the 
absolute value of these differences seems to him too slight in oomparl- 
son with the strength which he felt even the smallest chemical forces 
shall have. He then asks himself if this attraction of water can not 
be measured in a more direct manner. With this question on his lips, 
as he himself relates, he comes out of the laboratory one day and 
meets hb colleague do Vries. The latter, who was then busy with 
ORmotic experiments, puts him in touch with the classic researches of 
Pfeffor on the direct meaJtureiiient of oamotic pressure. And there 
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Avas found the link wliidi ho needed- Hv conaid^fra first the pn>ce&i 
of distillation of ’n'liter vapor, which goes from pure water toward u 
solution, owing to the lesser lensioDB of the latter^ be then examities 
tlie pasf^ge of wo ter which goes through isemii>ernieable jnembnmes 
from the pure solvent toward a s^diition. owing to osnioiic prt^-iiire: 
r.oiii|wtriiig the tw'o pbenomciuL with each other, be rcrognijses their 
parallelism. 

But Uiat is not enough* ITo bad apjjUed to eqiiiUbrinin in gases 
one of his equations which is at bottom only the result of a wm- 
binution of Clapejron^a equation and the low of the gaseous ^oie* 
and wkhed to find out if this equation mtis equally applicable to soln- 
tioiis. He observes now that by menna of senuiJermeablD walLs^ ami 
by siib.stitiiting osmolic pressure for gaseous, it is ptissible for liini to 
reproduce for solutions the cycles and the reversible cnodjJicatioiu:i 
which have led him to deduce the equation for gaws. 

There results the necessary consequence that the lawa of gases must 
also hold for osmotic pre?isurc» lie verifies the existing dnla and 
iindf 5 that the laws of Bnyk and traj-Lussoc are in fact roiifirme*! by 
the measuretneiits of Pfeffer, and that consequently the principle of 
Avagadro must l>e tipplicable. Isotonic solntiom luuet be equi- 
molccukr. And since the law nf the gaseous state is ipplkabk to 
solution, he calculatei, according to the mea^renients of Pfetfer^ the 
value of the constant and to bia great surprise finda that tlie 
numerical value of this is witli great a[>proxLmatiDn erpial to that 
obtained for gases; the ga-seuiis pressure and osmotic procure eser- 
cised by a given quajitity of dilutq substance under a definite volirme 
are equal. 

From tins moment the understanding is complete; the analogy 
between the gaseous state and that of dilute solutions Is establkhod. 
Vaii^t Hoff i& not slow in making denr the relations w-hieh connect 
ibe ofiiuotic picture with the diminutioti of tension of vapor, with 
the elevation of fho IjoiUng poiai and the lowering of the frce5?ing 
poinL of solution?;. Thus, be includes iti the law mi forth above the 
empirinil rules already worked out by Raoult It is thus that the 
direct measiiremenl of osmntlc prcasiire and luilirect measurement, 
emch iss tenatmelric. ebnllioscopic, and ciyc^pic detemuiiatlonij, 
which are much more exact and easier to carry out, lead to a detci- 
minatiofi of the molecular Bisuf uf the substances di^lvod. Our 
knowledge of the inolccular state of IkhUcrl limited at first to suh 
stances obtainable in gaseous form, is lima foivnd extended to all 
soluble suliaUncc^s. Wluit a revoUitbn Uiis evten^iou produoe<l in aU 
dumains of chemistiy and allierJ sciencra m so well known that it 
need nut be dwelt upon. 

Tlim ihiHwy waa forth fur tlie fii^i time in its eutiretv in three 
memoirs presented biuiultaniHUudy on October 14, 18&S, lu the Royal 
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Ac^dtniy of Sciences of Stockiiohii uud publishcU iu the proceedings 
of thut ucadiimy tlic follow Lag year (ISSG). In these mcnioirs there 
Is fl rattier untable limitation, namely, that all the atjusous ;julutione 
uf salts, acids, and strong bases are exceptions, in the sense tUst they 
give too strong (jsaiotk' pressures. So vun't Holf was obliged to intro¬ 
duce into the e(juationH which tleal with Uiem a codficient i grtmter 
than tfigure) /. This apparent exception was soon explained by a 
young Swedish pliysicist, Svante Arrhenius, who, three years before, 
had studied with great success the electric condiictivily of solu¬ 
tions; since the anomaly of which we first spoke is manifested in 
solutions wliich possess electrolytic conductivity and since cooteris 
paribus it is tlie more pronounced the greater thk conductivity, he 
supposes that the electrolytes are, at the niomenl of solution, largely 
separated into tliclr ions. 

It U thus thut Uiere originated the tlieoiy of electrolytic disaoda- 
tion, which was inseparably connected from the first with that of 
solutions, the struggleii and triumplw of wliich it sliared. 

Opposition could not Ik slow in developing. In fact the si own 
of astonislied Indignation which soon after broke out in almost the 
entire chemical world, was directed less against tile theory of van't 
Hoff tlian uguinst that of Arrheniua, which seemed to he utlemptiiig 
to overturn tlio most deeji-rooted ideas; but objections to the first 
were not locking, especially in England. While tlie greater number 
of French scientists shut themselves up in an opposition bojsed on 
uhnoat disdainful indifference, a group of diemists and of English 
physicists, with Pickering, Armstrong, and Fitzgerald at tlicir h^d, 
partisans of the theory of Lydratcsi, opened u real campaign agaiust 
the new idenSL Better inspired, however, they did not Bct^k to avoid 
discussion, but brought about a veritable war of words. 

Few public discussions will remain as memorable and as interesting 
in the history of science as that which took place in 1800 at the meet¬ 
ings of tJie British Association nt Ijeeds when the tliree greatest rep¬ 
resentatives of the new movement, van*! Hoff, Arrhenius, and Ost- 
wuld, took part by express invitation. 

These are the terms in which Ostwald ^aks of thk tournament: 

I ilo ftrt mink I am wrmii^iD* onr boats la aoppewtag tbat tlie invttnilffli had 
iRKfn ah'cn flrsi ut all whb tie rrinalljr latiiutluii of iietatiailioa Ufi ilwt we were 
III vrfof and of seudlnx its bact botne afala a her n lesson. And liuria^ 
Uio flrei dHFi* oar odverenriw alone belli lie fleer, so that om* Miisbt bave 
tbouiflit op to a »rtnm point Oiat we were atrendi^ BCtentJOwlljF JeniL Hut 
wbi'n* after leas end llwlF rwreoartl dlj^iutsioiw, the rejifwe(miBtlVii!i of Uie 
niodern 1d«ie flaaltr bad a ebnore to epenk, eveo at tbe public fvesloos. the ap. 
[waranre of tblnifti was not slow In cbnnRlns, and we were able to separate 
from our bcoits la nmlublfr ftisblui and oot wltbout trtnmplL 

The ideas of our champions met a more cordial reception from Sir 
Oliver Lodge ; and in the Enj^isli field itself they found an infinen- 


780 ANNUAL HEPOfiT SMITHSONIAN INSTITUTION, tm. 

tbl wily 10 tke person of Sir William ilieir conieiuporary, 

ivho wait already known Ikrongh important ^todies, though lie hwd 
not yet giToa vAl he wuii to givt- in piihlirations, ivdiicli j3iniv liave 
umde his name so universally fatuous- 

From this nionient the suceeas of the new sehool wos rapid and tri* 
umphanti,. the opposition which from all sides had been made against 
ii wiis soon almost completely ap]ieased ; to itt sure it did not en¬ 
tirely disappear hut it was only whispered, rather than esprcisse<l 
openl_r and supported by definite arguments. 

The new theories were fiooti introdticed even into ekmontaTy trea- 
and now they have penetrated and transfoinied all briinches of 
chemistry. 

Discu^onson the tlietTies of van't Hoff have^ however, been again 
renewed during recent years, both from theoretic and experimenlal 
[mints of view. An American physical" chemist, Kiihlenberg, after 
haring carried out some mcosuremeiits of osmotic pressure, claims to 
have arrived at tlie conclusion that the theory of vim\ Hoff m msup- 
ponwble. But BO radical a conclusion is little in accord with the 
modest experimental data on which it is 1:^sed, data which, besides, 
have been contradicted by other writers, among them Cohen, one of 
the first pupils of vim*t Hoff. Another Amerieunp Morse, has diown 
in a series of ranch more e.vact and lliorongh experimental workss 
tliat osmotic pressure follows the laws of van't Hoff up to a quite 
high degree of concentration. Scarpa hm confirmetl Liie fact that it?! 
variations with temperfliure follow the law of Gay-Lusaic, 

Other chemista and physicists who have not thoroughly studiecl 
the work of the master or who are acquainted with it only uL second 
hand liav« attempted to criticize the ideas of van't Hoff concerning 
the oiechimlfim of osmotic pre^iiro. But that is like fighting wind¬ 
mills. It is true that vim^t Hoff has eometimea raaiic allusion to u 
kinetic conception of solutions the parallel km of which with gases 
he had shown- but although he biuj had recourse to thk concept ion 
in didactic exposition, he never used it to deduce bk law% Indeed, 
he has always brought out the fact that the mochanisin of osmotic 
pressure and the manner of action t>f the semi permeable wall have 
no iulluence on the deduction and the devdopment of tlie tiieorv, 

Tlie truth k that the theory of dilute solutiuns (many forgeVtbk 
adjective on which van^t Hoff bad always laid stress) repnasei^l:^ 
a limit I aw, like many other great natural laws, the value of whii^h 
no one has ever, on Uiat account, denied. The truth is, also that 
the perfect semipemieablo membrane U an id^l object imp<teaible 
to attain and even now extremely difficult to approach. 

But even if this membrane were a piir^ abstraction the tlieorv of 
h would be none the less true, sinoe aU tlie kws of evaiwration 
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Munition, iinil freezing of eolutions—lawn which txre the neititnry 
coi)!%<]ueiico of this theory — ^huve been ond still ore tO’diiy verified 
with tlie necessarj' accuracy. The tliousande and thousands of 
ebnlliscopic and, obova all, cryoscjopio (letenniQatione ixhtch have 
been .-itid are doily being made in lalmrsitcirios represent so many 
eonfirmiitions and 'place the theory on so soli<l a foundation, that qo 
critic, however keen he may be^ will be able to shake it- 

It can not be denied that our ideas on the nature of solutioits— 
of concentratetl solutions in pai-ticular—and on the state of the dis¬ 
solved Htibstances have taken a new direction in the last few years 
and are tending to-day to rtUim to a theory of hydrates or, in 
general, of solvates; that is, to admit the existence of combination 
of the uiolecuIfSi of the solvent with the molecules of the di^l™! 
ions. But there is uolhing in that which would conflict with the 
theory of van't Hoff; indeed, it is strong partisans of the latter who 
have inaugurated the new luovetnent. 

In this respect, again, the theory of van't Hoff is a limit theory; 
it correspon?le to the purely physical conception of the solution in 
which the solvent has no other function than that of dilating, of 
separnting from one another, the molecules of the uubstanre dissolved; 
reality differs more or less frtmi this scheme. The deviations have 
nn insignificant effect only in the case of very dilute solutions and of 
especially mdifferent Bolvcdte; in default of these circumstances the 
rieviatiotis cease to iie negligible. 

It often happens in the history of science that at a certain time 
two theories seem absolutely opposed to each other; one of them 
emerges from the struggle victorious. In the course of time, how¬ 
ever, it is perceived that the contradiction was not by any means as 
necessarv as had been believed at first, but that each of the two theo- 
riesj represented on extreme and too simple solution of the problem, 
and that the vanquished theory itself contained germs of truth, sus¬ 
ceptible of development and adaptation. 

Waldeji remarked, one might have believed at Leeds 20 years 
ago that a chemical theory of hydrates was iireconcilably opposed 
to a physical theory of solutions; bo-day Pickering can have the sat¬ 
isfaction of seeing rejuvenated his idea of combinations with the 
solvent; but far from appearing as a negation, this idea appears 
rather as a useful extension of the liews of van’t Hoff. The credit 
for having propagated this new movemenl belongs to Ciamician, 
who. ns early as 1801, proposed admitting the formation of such 
aolvates to explain electrolytic disscciati™. 

Permit me finally to draw your attention to the influence tlint the 
most recent study on the Brownian movement and on the nature of 
csolloid? has exercised on the questions that we are discussing. 
Those brilliant researehes have established the continuouB passage 
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of course dispersioBs into true eoiudona in the strictest sense* end 
bn\'e given for the first time h plensible dcjnonstration of tlie real 
existence of molecules, and thence of the binotic nature of gaseous 
and osmotic presimres. 

But let us return to our subject. In 1800 %'im't Iloll pubUsht»l a 
very mteresting extension of his theory. He showed that it can Im 
applied equally to the solid homogeneous mixtures of the uature of 
isomorpboiis mixed cry'stala, and founded tbue the theory of solid 
solutions to the development of which the writer can congratulnte 
himself on having contrihuted. 

In the further development of the theory of solutions by experi¬ 
mental studies, van't Hoff took no more psrt, confining himself tf» 
maldng it public with the aid of recapitulations and explanatory arti¬ 
cles and of conferencesi He did not, however, abandon experimentsL 
work, which he followed with untiring assiduity, though he resened 
this side of his activity for the other group of questions trenitsl in 
hia “ Btudea de dymmiiqite chimique,” for heterogeneous equilibri¬ 
ums and condensed systems. 

This doiuain had nlremly been treated, particularly as to the phe¬ 
nomena of dissociation, by u brilliant French schotd which l>cgan 
with St. Claire DevUle and cudod with Le Chatolier, and another 
Dutch sdiool, headed by Bakhuis Boozeboom, starting with only 
slightly different idcae, began to work in the fniine direction. 

Van’t Hoff and his pupils buaed themselves first of all with the 
conditions of formation and of decomposition of double salbi in 
otpieoiis solutions by devoting their attention on the one hand to 
compountls such as Astrobanite and Carnal Ute, which are ntinerals 
found in nature, and on the other hand to the raoemates, thus again 
studying ttereochemical que-'^tions. The results have been cnllectefl 
in a little hook entitled “ Vorlesungeu fiber Bildung und .Spaltung 
dor Dopi»lsalic.” published in 1897, one of tlie leant known Ijonts of 
our scientist, because of the nature of the subjetd. which, although of 
great imjjoi'iance, is of such an abatruse character that if ctm Iw 
treatwl only in a somewhat dry fashion. 

This group of works covens the decade from ISflii to 18U5. the 
second period of van't IIofTs stay in AmBterdaro* 


We now come to the Berlin period of his activity, devoted entirely 
to the application of principles and methods previously discovered 
to the invefstigation of the conditionE of formation of oceanic de^ 
posits and particularly of the famous deposits of Stassfurt In this 
work, which was the first, and remalmi the greatest, attempt to upnlv 
physical chemuitry to the problems of geology- and to transform the 
latter, so far as rK'^ible, into an experimental science, he had 
Wilhelm Meyerhoffer as n comstant collatxretor fop 10 vcora. imtil 
his untimely death, in lOOfi, at the early age of years, ' ^ 
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Me WHS nn oi-iliiiiuy colliiborator; when, in ho bocsine hsso- 

oiiitiHl with llie master in the fouiiding uf the little private laljonitory 
of HoJlnnchitnisse he had already writteti, among others, a little booh 
on the phase mlc, which is still one of the best on this queallon, and 
liuti nireacly carried out very important experimental work on the 
oDinities of reciprocal pairs of salts, a subject which (or problems 
(lull be was treating was of the greatest unportancis. In tlieonilic 
questions he was an absolutely independent and original thinker 
and not always in accord with the master. 

• * * The mother idea of the corarooa work belongs in great 
part to Meyerhoffer, as vati'l Hoff has always openly admitted- In 
his work on reciprocal salt paira, Meyerhoffer had expressed in 1895 
the opinion that " the formation of the saline deposits of Stassfiirt, 
Wiclicza, and otlier places, masmuch as they are of marine origin, 
can not be explained in a Jsotisfactory manner until one has submitted 
to a systematic research the solubility and the equilibric connections 
which occur among salts wliich are found in the water of the sea.” 

Further, in 1880, in a rectoral discourse at tlie University of I<cy- 
deu, van Bcmmelcn made allusion to the opportunity of applying 
the methods in question to the solution of geologic problems. Can we 
siiv on that account that van’t Hoff brought to tlm question no origi¬ 
nal contribution 1 Nothing would i>e more absurd. In 1B8T, before 
the work of Meyerhoffer and the allusion of von Bemmelcn, he had 
cstablislied the conditioos of formation of different salts existing in 
the layers of oceanic origin, such as the astrakanito, the Iconite, and 
the. achonite, and the method of research which has been used to clear 
up the question la no other than that which he introduced. Meyer- 
holTer hinieelf was inspircil by Ids earlier works and hud carried out 
in his laboratory' his inaugural work. 

The investigation lasted 10 years, ond is set forth in 51 separate 
papers, which were all published between 1807 and 1000 in the Pro¬ 
ceedings of the Academy of Sciences at Berlin. ^Ve should be car¬ 
ried too far if we tried to give an idea of them, even a brief one. It 
is known tbut the deposits at Stassfurt, which are considered as 
having been producetl by the evaporation of uj] inland i;ea, arc com¬ 
posed essentially of chlorides, sulphates, and borates of sodium, potas- 
cinni, magnesium, and calcium, and of nil their possible double salts. 
It was a question of determining the order in which they were depos¬ 
ited. the possible interrelations of minerals (what is called parugene- 
sis), the limite of temperature and of concentration in which the dif¬ 
ferent separntiona and the various types of para genesis could take 
place. In order to solve so complicjited a problem, they worked by 
preference, in determining the solubility at different temperatures, 
first on pairs of salts, then on all the possible complex systems; to 
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establish the dilFerent tempemtures of transformation the}' used 
ordiiiarr fensimetrir and dilntoiuetric methodFL 

Tlie problem may be considered to-day completely sol red, at least 
so far as its theoretic side is concerned- Moreover^ the results Agree 
on Abiofit all points with those obtained by mineralogists and 
tho?»e in practical work; some of the new minerals* one of w'hich 
bears the name of raiithoflite* at first unknown and prepared syn- 
theticaUj^ have been since found in nature as a result of the sugges¬ 
tions given. The importance of these studied, even from the practical 
point of view, has been recognized by practical men and by the 
fTerman government, A cammittce wa^i in fact etitalitkhedf m 
charged w ith making a detailed shidy of the deposits of Staasfurt, 
with reference to their application^ but based principally on the 
work of vaa^t Hoff* * • • 

We have come now to the end of this brief review of the life of 
the master and of the different phases of his scientific work^ But 
mir piirpo^ would not be fully attained if we did not torn back 
for a resun'ey of the entire field to see his figure as a man and a 
scientist, as it was m realitj\ 

As T have already said^ he reproduced in bis fcatores the Dutch 
t}^,^ he liad a height slightly above the medium, and in his mminer 
of dn*ssing and of speaking, as wdl as in familiar eonveraation, 
he appeared as he was—mod&^; only the gentle but keen and pene- 
lrating eye betrayed at times the exceptional man that stood 
before one- 

As a man he was not one of those who weaken the splendor of 
their genius by crudities and extravagances of character; his real 
goodiiessif his serene gentleness, his modesty^ even inching almost 
lo ingenuousness, have brought him as many affectionate friends 
as hU work procured him admirers. 

He had ns many and is high academic and scAentiQc honors os a 
man could wish j of ambilloifis of another kind he did not posseos the 
slightest trace; hm life ran tranquilly in the bosom of his family, 
consisting of hla wife, whom he bad inarried while tie was vety 
young, two daughters, and two sons* He was a complete stranger to 
the spirit of dommation and intrigue, and for this reason he never 
had to suffer any of those jealonKics and envi^ so frequent even m 
ihe academic world. Xo superiority has ever been recognised $o 
tacitly and nnreoistmgly as hi% wbieb he never made anv one fc^L 
whoever it was, • 


He extre^neKv r^r^ed when it ^ question of expKssW 
npmions on things, and particulnrly on n^n; Mid it only after^ 

long p^r od of that one .ouid KeM him pronounce e=cplicit 

judgments, eepeemily if they were oot favorable, 
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Hifi geiieriil cultui^^ wiis ct'nlaifily vtry wiJt, piLfticiiLirly in the 
domnin. 11^ a[>pi^ciiited arts and and utuichsd to 

tln?m greiit imporUmfx^ even when taldng the point of view of 
pnne science; that is \vhat his inaugural addie^ssi we have already 
mentioned) teaelie« UH. about the imneination in the exact eoiencea; 
we learn in h tdso llmt one of lik favorite subjects for reading was 
the lives of great scieniistsT which he would devour in great quiLoth 
lies until he could cite more than 200 of them. 

As to Ids philosophic and religious ideas^ wo know that af> n young 
man he was admirer and partisan of the positive philo^^pby of Aug. 
Comte; but liis opinions Imve never beon^ so far as I know^ Llie object 
of exterior manifestation; so much the more from several expressions 
in n necrology of Koci®eboom* in which ho speaks^ though in respect¬ 
ful ternis, of the rrligious fanaticLsTii af tlie latter iind of the desire 
which he expressed of being cremated; so much the moreT I saj% can 
one conclude from these expresions I hat he remained^ to the end of 
his lifci failliful to his first ideas on these que^ious^ 

He had not the qualities of a brilliant and popular orator andj a 
stranger to every sort of dilettantoism^ he had never yielded to the 
desire to appear attractive; hut his lectnree of a general and recapitu¬ 
latory character arc read none the less wUlingly and with profit be¬ 
cause of the clearness and richness of their idcas^ although ttiey ore 
not always easy reading. In st>me necrologies—for exoinplof in 
those of Meyerhoffer and Koo^ehemm—he has given free course tp 
sentiment^ and succeeds often in finding efficacious and moving 
expressions. 

Jnst ns lie was not an orator for large audiences^ so he was no| 
made for elementary teachiog; he said so himself^ in a lecture^ and 
it was to rid himself of this obligailoi^ for him a sucrifice, that he 
decided to accept the situation which had been made for him in Ber¬ 
litz He gave here regularly a aingle course of one hour a w'eek on 
selected branches of physical chemiMiryy and from thb caursOj which 
was delivered tu limited audiences, came hm book^ ^ Lessona on theo- 
reticttl and physical diemh^ttyj^^ which had great succt^. thanks to 
the original and completely irersonal manner in which the subject 
was developed- 

If the position of professor In the broad iM.mse of the word woa 
often burdensome to him, he was always gratified with hk role of 
master to the young studcuitii, already maturej who worked with him 
Jn his researches. 

As ho iiever had large hiboratories. he was never surrounded by 
very many pupils; but some of them have succeeded in making 
for themiselves prominent places in science as well as in teaching* 
We have already ispoken above of the interesting personality of the 
444^"*—an IU13—SO 
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lAmenieil Meycrhoffor. Atnmi^ otkers one l^a^ not pass in silvnw 
Ernest Cohen, fornierly his assistant in Amsterdain and tO'd&y pro- 
fe$^r at Utrecht, the most faithful and best authoriaed interpreter 
of ttie thought of the master; from his lo^’ing activity «rn e:rpcct the 
work which shall make the figure of the latter live again in all ite 
details before us.* Heinrich Goldschmidt and G. Bredig, now pro¬ 
fessors at Christiania mid at Zurich, each spent several years In his 
laboratory in Amsterdam. 


The writer of these lines can not help referring, in thought, 
toward that laboratory at ^Tiluiarsdorf, near Berlin, in whicli he 
had the pleasure of working during the years lOOO-lOOL It was a 
little laboratory located in a rented liouse conveniently furnished 
for Ibo researches which were made in it (on the Stassfurt aalis), 
hut not for anything else; t>esidc van’t Tlotf, Meycrholfcr, and on 
appointed assistant there w'as not room for more than five or six 
students. Tlicre never was, 1 believe, a more intemational and poly¬ 
glot laboratoiy; one may say that, except tho French, all nationali¬ 
ties have been there. The meetings w'ith the master were frequent 
Olid familiarly cordial. Certainly the day of the announcement of 
his death none of us who had Ixieii permitted there could iielp think¬ 
ing, with a melancholy not without tenderness, of the flayo which 
passe<I by in the peaceful work at Wilmeredorf. 

But twyond these details it may be interesting to inquire into 
his manner of procedure in iiilellectual worit and his attitude in 
regard to some of the great questions which u^tete and divide the 
flcientihc world. 


Flis mind was first of all synthetic and ooordinativo; his work, 
by choice, always consisteil in Mudying a large number of facte in 
order to make out their reciprocal relations and express them in 
general bw-s. Certainly in him, as in the case with most inventivo 
minds, the result was already present wheu the demonstration was 
not yet finished—another proof of the fact that progt^as, based on a 
flight of the imagination ratlier than on a series of successive and 
moturely consideretl steps, has an essential part in the development 
df sciencf!^ That waa the favorite thesis of HolT. 

Hut he was perfectly aware that the success of such u flight does 
not remore from the exact scientist the obligation of returning and 
uniting, a pa^geway offering every security, the point atfaitieti 
with the .‘ihore which had served as a point of departure 

And, indeed, one of tlie (Aarecteristics which strike tis in hb work 
» tliat when he annouii^ a theory he aimounred it already cem- 

Ft !; th^ principal works-^ereochcListry 

the studies m chemical dynamics, and the them^ of solutions- each 
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of the tiuee fimduoental publications which bear on these contained 
nil the essential parts of the respect ire theory not only in germ but 
sufficiently developed and demonstrated. 

This creator of theories, this man who gave science so many new 
ideas, was noTertbeless a stranger to all metaphysics, to every exag¬ 
geration; he was not one of those who, into whatever domain thej’ 
enter, wish ut any price to create u general system which embraces 
all the imiyersc, which sbol! comprise ail important and unimptirinnt 
facts, existing mul not existing. Though u generalizing and syn¬ 
thetic mind, he was never abstract nor schematic. We see this also 
in the lecture in which the theories arc almost alw^ays set forth, not 
in an abstract fashion, but resting upon concrete examples. 

This tendency of his mind explains liis attitude with regard to the 
theory of phases, anti this point is one of the most cllrimiB in the 
scientific life of van*t Hoff, It b known tliat the phase rule b con¬ 
tained in the great work of M'illard Gibbs, pubUshed between 1874 
and 1878 in the Proceedings of the Connecticut Academy; but it re- 
niained unknown for about 10 years, imtil van der Waab mentioned 
its importance in a private conversation with Dakhuis Roozebooui, 
who bad already comraenfed his researches on heterogeneous equi¬ 
librium. KoozelxKim for the first time adopted the phase rule for 
the classification of heterogeneous equilibriums in 1887, three years 
lifter the publication of “ Etudes de dynamique chiniique.” Xow, in 
ihe part relating to heterogeneous equilibriums, to condensed qrs- 
tetns, to double salts, etc,, the studies of van't HofI have already pene¬ 
trated from one end to the other of the understanding of the theory 
of phases; they arc the theory of phases in action, and he lacks only 
the dcfinito schemes, for Gibb's phase nile is, at bottom, nothing else, 

Tt is psychologically comprehensible tliat van't Hoff had conceived 
u certain averoion for this theory, an averelon which he never gave 
up; he spoke of it reluctantly, and never used it in his treatis)es. It 
WPS only in 11K)2 that he decided to present to Uie Chemical Society 
of Berlin a recapitulatory address on tliis subject, an address in 
which, besides a clear and objective statement of the Uieory and of 
its applications, are found these phrases, which translate his thought 
or rather bis sentiment: ** It is regrettable that, whatever may be 
the importance of tlie phase rule, the appreciation of its %'aluo has 
lieen somewhat exaggerated. Many things are ottributei] to it which 
arc not due to its application. The great importance of the phase 
rule rests less in the value which it may have as a guide m research 
than in the pedagogic value which it presents whenever it is a ques¬ 
tion of treating and classifying the phenwnena of equilibrium.” 

Xow, this does not seem to me quite exact, and I may sny that that 
is the only point in which I find that van't Hoff is a little lacking In 
justice and yields unconsciously to a weakness. That the theory of 
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Gibbs bos given rise to some exeggeeatione, that one may atod in tbe 
most eomplicated labyrinth of heterogeneous equiUbrium discover 
tbe right way without having recourse to the theory of phases, that 
oil the individual cases involved can be solved without one’s being 
obliged to state the law—uU that is indisputable, and von't lloff has 
furnished ii practical demonstration of it; but it is no less indisputa¬ 
ble that there is a great utility in the fact that the particnlar types 
and the rtilcs relating to tliem may be united into one body without 
one's being obliged to find them again each time, tlie scheme being 
capable of great usefulness not only for classificatioo, but because it 
furnishes a convenient guiding thread in research, especially to those 
who have not the breadth of mind of a ran’t Hoff. 

Van’t Hoff was a faithful partisan of tbe atomic and molecular 
theory. One could expect nothing else from the founder of atereO" 
chemistry. Friend and companion of Chitw*a]d in tbe struggles for 
the modem phyelocbemical theories, lie separated from him when 
the latter declared war on the atomistic theoty in the name of the 
energetic, not only by doubting the real existence of atoms and 
molecules, but by denying the possibihty of ever demonstrating 
this existence, and disputing even the advantage of the u^ of the 
atomic tlieory as an instrument of work. When the campaign of 
Ostwald, which a prompt defeat awaited, was in full Efwing, van’t 
Hoff gave, in 1900, in Vienna, a lecture in which, without departing 
from his calm and serene tone, be put people on guard against the 
dangers of this movement and affirmed once more his conviction 
that the atomic theory was still destined to render great service to 
anence. 


Of the two courses which physical chemistry can pursue he fol¬ 
lowed the chemical one. As a chemist he was always interested in 
the substances thcrnffilvesi, the physical propertira interesting him 
only as character islica of the oniMtances, and the general laws them- 
sdves, as well as iJio physical and mathematical methods, interesting 
him only as more perfect means toward the investigation of their 
nature—a means permitting one to give of the infinite variety of 
tbe latter a quantitative and more exact expression than could be 
obtained with the vague concepts and inexact methods of traditional 
chemistry. On the other band, what interests the physical chemists 
of the other w ng, ^ wdl a. the pure physicists. 

.j, ^Ivs, a. .pp«ri„g i, thw oalV .s 

the ineviteble hearers of these properties, ^ 

In an, €.« il is «rtsinly ns lnj,»«» t» sven Uk taon, 
phyMcoclKinwt. of his swurntren to so; tlist he wo, l,md ..J 
dx^lde,. .to.o d,™. If on, ,,nu i„ find n,«, nh™. „„Hh k 
wmpnrsblo to h» on, mnM go fnrther tool, to tli, horoic timee wta 
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the differentiation between chettufitfi and phyaimta was not yet 
marked; and to Um mind are presented names like those of Bimsen, 
Faraday, Gay-Lussac. But of what use are these comparisona! It 
is certain that he belongs to the stars of swence of first mognitude, 
to those whose lig^t does not grow pale. 

Of the four great subjects which he has treated each one would 
be sufficient for the glory of a great chemist; two of tliem (slereo- 
chemistiy and tlie theory of solutions) ere among the greatest bodies 
of tkeoiy of univereal sdence, and one alone would be enough to 
assure iU founder a place among the greatest Thus his glory 
instead of becoming less can only increase, dnee It depends not on 
the exceptional exterior quantities of the man but on tile greatness 
of the work accomplished. 
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